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571 ABSTRACT

Carbostyril derivatives of Formula I:

(CH2)m_ (CH2)n ()

O/Y\N 0

/ R I
. A
R? N OR®

{ R2

OA\N)\/ . 1,
R - _

wherein:

mis 0, 1, or 2;

nis 0, 1, or 2;

R!is hydrogen or lower alkyl;

R2 is hydrogen, halogen, hydroxy, lower alkyl, lower
alkoxy, aralkoxy, or acyloxy;

R3 is hydrogen, halogen, lower alkyl, or lower alkoxy;

R4 is hydrogen, hydroxy, lower alkyl, acyloxy, pro-
vided that when R#is hydroxy or acyloxy, m and n
are both 1;

R is hydrogen or lower alkyl: and

Ré is alkyl, hydroxyalkyl, alkoxyalkyl,
ylamino)alkyl;

or (dialk-

and the pharmaceutically acceptable acid addition salts
and N-oxides (at the carbostyril nitrogen) thereof, and
compositions containing them, are useful in treating
cardiovascular diseases, particularly arrhythmias.
Methods of preparing intermediates, the compounds,
their formulations and methods of treatment therewith
are also disclosed.

77 Claims, No Drawings
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CARBOSTYRIL COMPOUNDS CONNECTED VIA
AN OXYALKYL GROUP WITH A PIPERIDINE
RING AND HAVING PHARMACEUTICAL
UTILITY

| BACKGROUND OF THE INVENTION

1. Field of the Invention |

This invention is concerned with carbostyril deriva-
tives useful 1n treating cardiovascular diseases, particu-
larly in treating arrhythmias.

2. Background to the Invention

Carbostyril denivatives are disclosed in the patent
literature as having cardiotonic, anti-arrhythmic, a- and
B-adrenoceptor blocking activities, and as being cal-
cium antagonist, antihistaminic and local anesthetic
agents. See, for example, U.S. Pat. Nos. 4,210,753 and
4,482,560, and Japanese Kokai Tokyo Koho Sho
57-018,674 (Derwent Abstract 18695E/10).

'SUMMARY OF THE INVENTION

A first aspect of this invention comprises carbostyril

derivatives of Formula I;

(CH2)m

T

(1)

- N
| Illl R?
wherein:

mis 0, 1, or 2;

nis 0 1, or 2;

R!is hydrogen or lower alkyl;

R2is hydrogen, halogen, hydroxy, lower alkyl, lower

alkoxy, aralkoxy, or acyloxy;

R3 is hydrogen, halogen lower alkyl, or lower alk-

oxXy;

R4 is hydrogen, hydroxy, lower alkyl, or acyloxy,

- provided that when R4 is hydroxy or acyloxy, m
and n are both 1:
R is hydrogen or lower alkyl; and
R is alkyl, hydroxyalky] alkoxyalkyl, or (dialk-
ylamino)alkyl; |
and the pharmaceutically acceptable acid addition salts
and N-oxides thereof.

A second aspect of this invention comprises pharma-
ceutical compositions containing at least one compound
of Formula I and a pharmaceutically acceptable excipi-
ent.

A third aspect of this invention comprises methods
for treating cardiovascular disease in a mammal by

administering an effective amount of a compound of

Formula I, or a composition containing it, to the mam-
mal. In a prcferred embodiment, the cardiovascular
disease treated is a cardiac arrhythmia.

Further aspects of this invention are methods for
preparing compounds of Formula I, including the single
sterecisomers or mixtures of sterecisomers of the com-

pounds of Formula I having a chiral center, as follows:

(a) contacting a compound, that is a single stereoisomer
or a mixture of stereoisomers, of the formula:

10 Tl“
R! Rz
wherein
Rl, R2 and R3 are as defined above,
15  with a compound of the formula:
L
| - _RS
20 NA O',
|
wherein
25 R3and Rare as defined above, in a solvent that will

dissolve both reactants; or
(b) contacting a compound, or a single stereoisomer oOr
a mixture of stereoisomers, of the formula:

30 _ACH2)m, (CHz)n..\_
Y
| ! 4
35
wherein
40 Rl RZ2 R3 m and n are as defined above,
R4 is hydrogen or lower alkyl and Y is halo, with a
compound of the formula:
45 HO\ ﬁ.
| | | RS
N~ o7
1s
50

wherein
R3 and R are as defined above, in the presence of a
hydrogen halide acceptor; or

(c) acylating 'a compound of Formula I wherein either
R? or R4is OH, or RZ and R4 are both OH; or

(d) saponifying a compound of Formula I wherein ei-
ther R2 or R4 is -—O—-—CO—-——alkyl or R? and R"' are
both —O—CO—alkyl; or

(e) deprotecting a compound of Formula I wherein R-
is aralkoxy; or

(f) resolving a racemic mixture of stereoisomers of For-
mula I into pure enantiomers usmg an appropriate
optically active acid; or

(g) converting a compound of Formula I 1n free base
form to an acid addition salt by treatment with the
appropriate organic or inorganic acid; or

(h) decomposing an acid addition salt of a compound of
Formula I to the corresponding free base by treat-

3
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~ 'ment with a suitable base or by treatment with a

~surtably loaded 1on exchange resin; or
(1) interchanging an acid addition salt of a compound of
Formula 1 with another acid addition salt. 5
- Still another aspect of the invention entails a process
for preparing a 5-hydroxy-3,4-dihydrocarbostyril com-
pound of Formula 5a: |

10
(5a)

135

wherein: S |

R!is hydrogen or lower alkyl; and

R3 is hydrogen, lower alkyl, or lower alkoxy;
- by hydrogenating a compound of the formula;

20

OH (9 25
R3
o y .
;I{I _. (|3H2 30
N
R R

wherein R i1s lower alkyl.

 Another aspect of the invention entails a process for
preparing a 5-hydroxy-3,4-dihydrocarbostyril com-
pound of Formula 5b:

35

40
OH (5b)
45
wherein:
R!is hydrogen or lower alkyl; and 30
R?is hydrogen, lower alkyl, or lower alkoxy;
by hydrogenating a compound of the formula:
(11) 535
60
wherein W 1s alkyl, aryl or cycloalkyl. 65

A still further aspect of the invention entails a process
for preparing a S-hydroxy-8-substituted-3,4-dihydrocar-
- bostyril compound of Formula Sc:

OH (5¢)

N

H OCHj3

by cyclizing a compound of the formula:

OCHj3 O—R (13)

H1CO

=2,

OCH3;

wherein:

R is acetyl or phenylmethyl;
by contacting it with a strong acid at room temperature,
to give a cyclized compound of the formula

OH (14)
/
O N
I
H OCHj

and hydrogenating the cyclized compound.

Other and further aspects of the invention will be-
come apparant to those of ordinary skill in the art from
the detailed description, preparations and examples that
follow.

DETAILED DESCRIPTION OF THE
INVENTION

Definitions

The following definitions are set forth to illustrate
and define the meaning and scope of various terms used
to describe the invention herein, unless otherwise stated
or the context requires otherwise.

The term “alkyl” means a straight, branched, or cyc-
lic saturated hydrocarbon radical having from 1 to 12
carbon atoms. Examples include methyl, ethyl, propyi,
1-methylethyl (isopropyl), butyl, 1,1-dimethylethyl (t-
butyl), 2-methylpropyl (or “isobutyl”), pentyl, hexyl
and heptyl, cyclopropyl, cyclopropylmethyl, cyciobu-
tyl, cyclopentyl, cyclopentylmethyl, cyclohexyl, decyl,
adamantoyl, dodecyl and the like. If more than one
alkyl radical is present in a given molecule, each may be
independently selected from “alkyl” unless otherwise
stated.

The term *“alkoxy’ means the group R—O— wherein
R is “alkyl” as defined above. Examples include me-
thoxy, ethoxy, propoxy, 1,1-dimethylethoxy (tert-
butoxy), pentyloxy, hexyloxy and the like. -

The term “aryl” or “Ar—"" refers to a substituted or
unsubstituted monovalent unsaturated radical, for ex-
ample, phenyl, which, if substituted, can have one or
more lower alkyl, lower alkoxy, or halo groups in any
available position on the ring.

‘The term “aralkoxy” means the group Ar—R—0O—
wherein R is alkyl as defined above.
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The term “acvloxy” means the group R—C(0O)—0O—
wherein R 1s alkyl as defined above.

The term “lower” modifies “alkyl” and “alkoxy and

refers to those radicals having four carbon atoms or less.

The term *halo” or “halogen’-’ refers to fluoro,

chloro, bromo or i1odo. |

The term “hydroxyalkyl” means the group HO—R—
wherein R i1s alkyl as defined above.

The term ‘“alkoxyalkyl” means the group
R-—0O—R— wherein each R 1s independently alkyl as
defined above.

The term “(dlalkylammo)alkyl” means the group
RoN—R— wherein each R i1s independently alkyl as
defined above.

The term *N-oxide” refers to the stable radical

>N-O

at the carbostyril mtrogen .

The term “optional” or optmnally means that the
subsequently described event or circumstance may or
may not occur, and that the description mcludes in-
stances where the event or circumstance occurs and
instances in which it does not. For example, “optionally

substituted phenyl” means that the phenyl may or may

not be substituted and that the description includes both
unsubstituted phenyl and substituted phenyl; “option-
ally followed by converting the free base to the acid
addition salt” means that the conversion may or may
not be carried out in order for the process described to
fall within the invention, and the invention includes
those processes in which the free base i1s converted to
the acid addition salt and those processes in which 1t 1s
not. !

The terms “inert organic solvent” or “inert solvent”
means a solvent inert under the conditions of the reac-
tion being described in conjunction therewith {includ-
ing, for example, benzene, toluene, acetonitrile, tetrahy-
drofuran (“THF”), dimethylformamide (“DMF”),
chloroform, methylene chloride (or dichloromethane),
diethyl ether, pyridine and the like]. Unless specified to
the contrary, the solvents used in the reactions of the
present invention are inert organic solvents.

The term “arrhythmia” means any vanation from the
normal rhythm of the heartbeat, including supraven-
tricular premature beat, heart block (first and second
degree and complete), atrial fibrillation, atrial flutter,
atrial tachyarrhythmia of other etiology, atrioventricu-
lar nodal or atrioventricular junctional arrhythmias,
ventricular premature beats (unifocal and multifocal),
torsades de pointes, ventricular tachyarrhythmia, and
ventricular fibnllation.

The term “mammal” includes both humans and non-
human mammals (e.g. domestic and farm animals, such
as cats, dogs, sheep, cattle, horses, and the like), espe-
~cially, humans.

The term “treatment’ or “treating’’ means any treat-
ment of a disease in a mammal, and includes:

(i) preventing the disease, i.e., causing the clinical
symptoms of the disease not to develop;

(11) inhibiting the disease, i.e., arresting the develop-
ment of clinical symptoms; and/or

(ii1) relieving the disease, i.e., causing the regression
of clinical symptoms.

The term “‘therapeutically effective amount” is that
amount which, when administered, 1s sufficient to effect
treatment, as defined above.

“Pharmaceutically acceptable acid addition salts”
means those salts that retain the biological effectiveness

10
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and properties of the parent compounds and are not
biologically or otherwise undesirable. Pharmaceutically
acceptable acid addition salts may be formed with inor-
ganic acids, such as hydrochloric acid, hydrobromic

acid, sulfuric acid, nitric acid, phosphoric acid, and the

like, and with organic acids such as acetic acid, propi-
onic acid, glycolic acid, pyruvic acid, oxalic acid, malic
acid, malonic acid, succinic acid, maleic acid, fumaric
acid, tartaric acid, citric acid, benzoic acid, cinnamic
acid, mandelic acid, methanesulfonic acid, ethanesul-
fonic acid, para-toluenesulfonic acid, salicyhc acid, and
the like. The salts may be single or multiple salts of one
Or more anions, e.g., from the above-described acids.
Compounds that have identical molecular formulae
but differ in the nature or sequence of bonding of their

atoms or in the arrangement of their atoms in space are

termed “isomers”. Isomers are termed “‘stereoisomers”
when they differ only in the arrangement of their atoms
in space, and *‘constitutional isomers” when they differ
in the nature and sequence of bonding of their atoms.
Because constitutional isomers are considered in normal
chemical usage to be different compounds (such as, for
example, dimethyl ether and ethanol, which are consti-
tutional isomers of molecular formula C2:HgO), the term
“isomer” i1s frequently used instead of “stereoisomer”.
Stereoisomers may be ‘“‘achiral” (when a molecule 1s
superimposable on its mirror image) or “chiral” (when
it 1s not); and chiral stereoisomers are sometimes re-
ferred to as “optical isomers”. Stereoisomers that are
mirror images of one another are termed ‘‘enantio-
mers”’; stereoisomers that are not mirror images are
termed ‘“‘diastereomers”. A compound of Formula I in
which R4 is not hydrogen is chiral, having the carbon
atom to which R4 is attached as its center of chirality
(that atom being sometimes referred to as an “asymmet-
ric” carbon atom). When a compound has only one
chiral center, a pair of enantiomers of opposite chirality
is possible; and these enantiomers may be characterized
and described in various ways, such as by the absolute

configuration of the chiral center (using the R- and S--

sequencing rules of Cahn and Prelog, and describing the
compounds as (R)- and (8S)-isomers), or by the rotation
of polarized light by the molecule (and describing the
compounds as (-)- and (—)-isomers). Such a com-
pound may exist as individual enantiomers or as a mix-
ture, especially a racemic mixture (i.e. a mixture con-
taining equal proportions of the enantiomers, described
as an (RS)- or (F)-mixture), thereof. Conventions for
stereochemical nomenclature, and methods for the de-
termination of stereochemistry and the separation of
stereoisomers, are well-known in the art (as exemplified
by the discussion in, for example, Chapter 4 of “Ad-
vanced Organic Chemistry”, 3rd edition, March, Jerry,
John Wiley and Sons, New York, 1985). Unless indi-
cated otherwise, the description or naming of a particu-
lar compound of Formula I in the specification and
claims is intended to include both enantiomers and mix-
tures, racemic or otherwise, thereof.

The compounds of Formula I are named and num-
bered as illustrated below. For example, the compound
where m=n=1, R1, R2, R3and R5are H, R4is OH, and
Reis 2-methylpropyl (or isobutyl), i.e., the compound of
Formula I,
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(1)

!
N

- 8
H

is named 3,4-dihydro-5-]2-hydroxy-3-(4-((2-methyl-
propoxy)carbonylamino)- 1-pipendyl)propoxyjcarbos-
tyrnl.
- The compound where m=n==1, R1, R3and R3are H,
- R2is Cl, R4 is OH, and R¢ is cyclopropylmethyl is
named 8-chloro-3,4-dihydro-5-[2-hydroxy-3-(4-((cyclo-
propylmethoxy)carbonylamino)-1-piperidyl)propoxy]-
carbostyril.
- The compound where m=n=1, R!, R3and R4are H,
R?is methoxy, R3is methyl, and R%is 2-methoxyethyl is
- named  3,4-dihydro-8-methoxy-5-[3-(4-((2-methoxye-

10

8

and the pharmaceutically acceptable acid addition salts
and N-oxides thereof.

The compounds of Formula I where m is 1 are pre-
ferred, particularly those where n is 1 and R4 is hy-
droxy, or where n is 0 and R4 is hydrogen. For both
preferred subgenuses it is preferred that R3 and RS are
hydrogen, and further preferred that R! is hydrogen.
Finally, further preferred are the compounds where R2
1s hydrogen, lower alkyl or lower alkoxy, and most

preferred are those compounds where R6is lower alkyl.

Also preferred are the pharmaceutically acceptable acid

- addition salts of the foregoing compounds, particularly

15

20

thoxy) carbonyl-N-methylamino)-1-piperidyl)propox-

ylcarbostyril.

The N-oxide of the compound where m=n=1, R,
R?, R3 and R> are H, R4 is OH, and R is 2-(dime-
‘thylamino)ethyl is named 3,4-dihydro-35-[2-hydroxy-3-
(4-((2-dimethylaminoethoxy)carbonylamino)-1-
piperidyl)propoxylcarbostyril N-oxide.

- The compound where m=1, n=0, Rl, R?, R4and R?
are H, R? is methoxy, and R® is cyclopropylmethyl is
- named  3,4-dihydro-8-methoxy-5-[2-(4-((cyclopropyl-
methoxy)carbonylamino)- 1-plpendyl)ethoxy]carbos-
tyril.

The compound where m=n=2, Rland R4are H, R2

and R (at the 6-position) are methoxy, R3is methyl, and
RS is 2-methoxyethyl is named 3,4-dihydro-6,8-dime-
thoxy-5-[5-(4-((2-methoxyethoxy)carbonyl-N-
methylamino)- 1-piperidyl)pentoxy]jcarbostynil.

COMPOUNDS OF THE INVENTION

- The compounds of this invention comprise carbos-
tyril derivatives of Formula I:

(CH3)pm (CHZ)r\ (I)

/Y

R4 N

3
R I

1!11__ R?

wherem

misQ, 1, or 2;

nis 0, 1, or 2;

Rlis hydrogen or lower alkyl:

RZis hydrogen, halogen, hydroxy, lower alkyl, lower
alkoxy, aralkoxy, or acyloxy;

R3 is hydrogen, halogen, lower alkyl, or lower alk-
OXY;

R4 is hydrogen, hydroxy, lower alkyl, or acyloxy,
provided that when R4 is hydroxy or acyloxy, m
and n are both 1;

R> is hydrogen or lower alkyl; and |

R is alkyl, hydroxyalkyl, alkoxyalkyl or (dlalk-
ylamino)alkyl;

25

30

8-methoxy-3,4-dihydro-5-[2-(4-((cyclopropylmethoxy)-
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the hydrochlonde salts.

For the subgenus of compounds where m and n are 1,
and R4is hydroxy, it is preferred that R!, R3and RJ are
hydrogen, further preferred that RZ is hydrogen, and
most preferred that R®is lower alkyl (particularly ethyl,
butyl, 2-methylpropyl and cyclopropylmethyl, espe-
cially 2-methylpropyl).

For the subgenus of compounds where mis 1, nis O,

‘and R%is hydrogen, it is preferred that R!, R3and R’ are

hydrogen, further preferred that R? is lower alkyl or
lower alkoxy (especially methoxy), and most preferred
that R® is lower alkyl (particularly ethyl, butyl, 2-
methylpropyl and cyclopropylmethyl, especially cyclo-
propylmethyl).

The compounds of Formula I that are presently most
preferred are:
3,4-dihydro-5-{2-hydroxy-3-(4((2-methylpropoxy)car-

bonylamino)-1-piperidyl)propoxyjcarbostyril hydro-

chloride, and
carbonylamino)-1-piperidyl)ethoxyjcarbostyril  hy-
drochloride.

UTILITY

The compounds of this invention are useful for the
treatment of cardiovascular diseases in mammals, par-
ticularly humans, including a wide variety of arrhyth-
mias, including supraventricular premature beat, heart
block (first and second degree and complete), atrial
fibrillation, atrial flutter, atrial tachyarrhythmia of other
etiology, atrioventricular nodal or atrioventricular
junctional arrhythmias, ‘ventricular premature beats
(unifocal and multifocal), torsades de pointes, ventricu-
lar tachyarrhythmia, ventncular fibrillation, and to
prevent sudden death, particularly after myocardial
infarction or in congestive heart failure. In particular,
the compounds of the present invention are useful for
the treatment of supraventricular arrhythmia, ventricu-
lar tachycardia, and junctional re-entry arrhythmia.

The utihity of a compound for treating arrhythmia
can be assessed in vitro by measuring the ability of the
compound to prolong the effective refractory period in
guinea-pig papillary muscle as described by Briickner,
Schmitz & Scholz (Naunyn-Schmiedeberg’s Arch.
Pharmacol. (1985) 329, 86-93) using the preparation
described by Dumez, Patmore, Ferrandon, Allely &
Armstrong (J. Cardiovascular Pharmacol., 1989, 14,
184-193). The in vivo antiarrhythmic activity of a com-
pound may be determined by measuring its ability to
prolong the ventricular refractory period and the QTc-
interval of the ECG in an anesthetized guinea-pig (see,
e.g., Poizot, J. Pharmacol. (Paris) 17 (1986) 712-719).

The compounds of this invention demonstrate anti-
arrhythmic activity in the above-mentioned tests, the
details of which are set out below in Examples 8 and 9.
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FORMULATION AND ADMINISTRATION

A second aspect of this invention comprises pharma-
ceutical compositions useful in the treatment of arrhyth-
mia in mammals. Such compositions contain a therapeu-
tically effective amount of a compound of Formula I or
a pharmaceutically acceptable acid addition salt or N-
oxide thereof, in admixture with pharmaceutically ac-
ceptable excipient(s).

The level of the drug in the formulation can vary
from about 0.1 percent weight (% w) to about 95% w of
the drug based on the total formulation and about

10

99.9% w to 5% w excipient. Preferably the drug is -

present at a level of about 0.1% w to about 80% w.
Useful pharmaceutical excipients for the preparation

of the pharmaceutical compositions hereof can be solids-

or liquids. Thus, the compositions can take the form of
tablets, capsules, powders, sustained release formula-
tions, solutions, suspensions, aerosols, and the like.

Liquid excipients can be selected from the various
oils, including those of petroleum, animal, vegetable or
synthetic origin, for example, peanut oil, soybean oil,
mineral o1], sesame oil, and the like. Water, saline, ague-
ous dextrose, and glycols are preferred liquid carriers,
particularly for injectable solutions.

Suitable solid excipients include starch, cellulose,
microcrystalline cellulose, talc, glucose, lactose, su-
crose, gelatin, povidone, crosscarmellose sodium, mag-
nesium stearate, sodium stearate, glycerol monostea—
rate, sodium chlonide, and the like.

Other suitable pharmaceutical excipients and their
formulations are described in “Remington’s Pharma-
ceutical Sciences” 16th Edit. 1980, by E. W. Martin.

A third aspect of this invention comprises methods
for treating arrhythmia in mammals (particularly hu-
mans) which comprise administering a therapeutically
effective amount of a compound of Formula I or a
pharmaceutically acceptable acid addition salt or N-
oxide thereof, or a composition containing it, to the
mammalian subject.

In the practice of this method, a therapeutlcally effec-
tive amount of the compound of Formula I or a pharma-
ceutical composition containing it is administered in any
of the usual and acceptable methods known in the art,
either singly or in combination with another compound
or compounds of the present invention or other phar-
maceutical agents. These compounds or compositions

E

10

can thus be administered orally, systemically (e.g.,
transdermally, intranasally or by suppository) or paren-
terally (e.g. intramuscularly, subcutaneously and intra-
venously), and can be administered either in the form of
solid or liquid dosages including tablets, solutions, sus-
pensions, aerosols, and the like, as discussed in more
detail above. It 1s preferred to administer compounds of
Formula I orally and parenterally.

The formulation can be administered in a single unit
dosage form for continuous treatment or in a single unit
dosage form ad libitum when relief of symptoms is
speciﬁca]ly required.

In view of the foregoing as well as 1n consideration of
the degree of severity of the condition being treated,
age of subject and so forth, all of which factors are

~ determinable by routine experimentation by one skilled

20
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in the art, the effective dosage in accordance herewith
can vary over a wide range. Generally a therapeutically
effective amount ranges from about 0.01 to about 25
mg/kg body weight per day and preferably about 0.05
to about 20 mg/kg body weight per day. In alternative
terms, for an average 70 kg adult human subject, a ther-
apeutically effective amount in accordance herewith
would be, 1in preferred embodiments from about 0.7 mg
to about 1750 mg per day per subject, and preferably
from about 3.5 mg to 1400 mg per day per subject.

PREPARATION OF COMPOUNDS OF THE
INVENTION

‘The compounds of Formula I are prepared as shown
below in Reaction Schemes I-V, where Reaction
Scheme I shows the preparation of 4-piperidylcarba-
mate intermediates of Formula 4 and Reaction Scheme
II shows the preparation of the compounds of Formula
I from those intermediates. Reaction Schemes 111, IV
and V show the preparation of 3,4-dihydrocarbostyril-
intermediates of Formula 5.

In the Reaction Schemes, R!, R2, R3, R4, R5, and RS,
are as described in the broadest scope of the invention,
except as noted. For those compounds in which RO is
lower alkyl, it 1s convenient to prepare intermediates of
Formula 2 directly, following Alternate A of Step 1 of
Reaction Scheme 1. Intermediates of Formula 2 may
also be prepared indirectly, following Alternate B of
Step 1 of Reaction Scheme I and passing through inter-

mediates of Formula 3, as described in Preparations 2
and 3 below.

REACTION SCHEME |

| NHR?
(1)
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-continued

REACTION SCHEME I

i
W -
N7 N7 N N
Step la
Alternate A Alternate B
Step 1 Step 1 N ﬁ’
tep o tep
-
,/I'l‘-\ - . , o - NAN. N
6
Cl " OR RS \ /
a |
- (3)
60H Step 1b
O
|
/’"‘\
(2)
Step 2 Hz/catalyst
/ll"\
N OR®
1s
(4)
REACTION SCHEME 1]
OH
R3
O N
| R?
Alternate A R!
(5) Alternate B
XN

X~ Y Y

O
| R? (d}

(c) |
Step 1
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-continued
REACTION SCHEME 11

- (CH)m_ _(CH2),
0/\_7 . O,—-" \I/ \"Y |

R4
O
RS
07 ™ N
';IU R?
(6)
@) Step 2 . @)
o ,..(CHz)m\r(Cﬂz)n\N
0
R4 |
Pq;ff-1jilﬁ
1
(D
30
35
REACTION SCHEME 1V
OH
40
O N
1111 R?
45 | S )
Step 1 HCI:ID
H,N—W  (10)
P W
50 o N~
. 0
55 R
Rl RZ (11
. -~ |Hy . | H>
Step 2\LP:1(0H)2/C Step Z\LPd(OH)Z/C
60 | OH
R3 CH;
O N
63 1111 R?

(5b)
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STARTING MATERIALS

The starting materials used 1n preparation of the com-
pounds of the present invention, including the dihy-
drocarbostyrils, alkyl chloroformates, carbonyl-
diumidazole, 4-amino-1-phenylmethylpiperidine, epox-
ides (glycidyl halides and glycidyl sulfonates), dihalo
compounds, and the other reagents, solvents, catalysts
and equipment described are typically commercially
available or can be prepared by methods known to
those skilled in the art.

5-Hydroxy-3,4-dihydrocarbostyrils of Formula 35
may be made as described with reference to Reaction
Schemes 111 to V, or according to methods described in
the literature: e.g., 5-hydroxy-3,4-dihydrocarbostyril
may be easily prepared according to the method de-
scribed in J. Org. Chem. 1981, 46, 3719, 5,8-dihydroxy-
3,4-dihydrocarbostyril may advantageously be obtained
- from methods described by Uchida, et al., in Yakugaku
Zasshi, 96, 571, 1976; and 5-hydroxy-8-phenyl-methoxy-
3,4-dihydrocarbostyril may be prepared according to
the method described by Tominaga, et al.,, in Chem.
Pharm. Bull, 29(8) 2161-65, 1981; and 5-hydroxy-8-
bromo and 5-hydroxy-6,8-dichloro-3,4-dihydrocarbos-
tyrils may be synthesized as per methods described in
U.S. Pat. No. 4,482,560.

Alky! chloroformates (e.g., methyl chloroformate,
ethyl chloroformate, propyl chloroformate, butyl chlo-
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roformate, isobutylchloroformate) are readily available
from inter alia Aldrich Chemical Co. (Wisconsin).
Carbonyldiimidazole is commercially available from
e.g., Aldrich Chemical Co. (Wisconsin).
4-Amino-1-phenylmethylpiperidine 1s readily avail-
able from e.g., Aldrich Chemical Co. (Wisconsin).
Epihalohydrins (e.g., epibromohydnn, epichlorohy-
drin) and glycidyl sulfonates (e.g. (2R) or (2S)-glycidyl
tosylate) are commercially available from inter alia
Aldrich Chemical Co. (Wisconsin).
w-Dihaloalkanes (e.g., l,2-dibromoethane, 1,2-
dichloroethane, 1,3-dibromo-2-propanol, 1,3-dichloro-
2-propanol) are commercially available from e.g.,
Adrich Chemical Co. (Wisconsin).

PREPARATION OF FORMULA 2

As shown in Reaction Scheme 1, Alternate A, Step 1,
a 4-(optionally substituted)amino-1-phenylmethyl-
piperidine (Formula 1) and a chloroformate (Formula 2)
are reacted in a suitable inert solvent to give the corre-
sponding substituted carbamic acid ester of Formula 2.
The reaction conditions can be generalized as follows:
addition temperature: from —10° to +40° C., prefera-
bly —5° to 4+ 10° C.; reaction time: from 4 to 48 hours,
preferably 8 to 24 hours; reaction temperature: from 10°
to 100° C., preferably 20° to 40° C.

Similar reactions (the action of a chloroformate on a
primary or secondary amine) are well known to persons
of ordinary skill in the art, for example as described in
Patent Fr. Demande 2,321,890 from SYNTHELABO
S.A. |

ALTERNATIVE PREPARATION OF FORMULA
2

Preparation of Formula 3

As shown in Reaction Scheme I, Alternate B, Step
la, a 4-(optionally substituted)amino-1-phenylmethyl-
piperidine (Formula 1) and carbonyldiimidazole (CDI)
are mixed in a polar aprotic solvent, e.g. tetrahydrofu-
ran (THF), dioxane, dimethylformamide or the like, and
heated between 20° and 100° C. for approximately 4 to
24 hours. When the reaction is substantially complete, a
precipitate forms giving the corresponding 4-
imidazolylcarbonylamino-1-phenylmethylpiperidine
compound of Formula 3, which is isolated by conven-
tional means.

‘The condensation between an amine and the carbonyl

diimidazole to produce compounds such as Formula 3 is
described in H. A. Staab and W. Benz, Ann. der Chem.
648, 72 (1961).

Conversion to Formula 2

As shown in Reaction Scheme I, Alternate B, Step
1b, the imidazolyl derivative of Formula 3 is contacted
with an alcohol of Formula b. When R® of Formula b
represents Ci to Cslower alkyl or lower alkoxyalky, the
alcohol can be used in large excess and also serve as the
solvent. In the other cases, a polar aprotic solvent (e.g.,
THF, dioxane), can be used. The recommended temper-
ature range 1s 10° to 60° C. and the reaction 1s usually
complete after 6 to 24 hours. The corresponding substi-

tuted carbamic acid ester of Formula 2 1s 1solated by
conventional means.

PREPARATION OF FORMULA 4

As shown in Reaction Scheme I, Step 2, the protect-
ing group (N-phenyimethyl) of Formula 2 is removed



by hydrogenolysm A compound of Formula 2 1s dis-
solved in an inert solvent (such as methanol, ethanol,
propanol, ethylacetate, tetrahydrofuran or acetic acid),
and a catalyst (5 to 40% by weight of 5 to 10% palla-
dium or palladium hydroxide on carbon) is added. The
hydrogenolysis takes place at 10° to 50° C. under 1 to 3
atmospheres of hydrogen. The reaction is ordinanly
complete after 4 to 24 hours. The catalyst is removed by
filtration and the desired 4-pipendylcarbamate of For-
mula 4 is recovered by conventional means, typically
giving a yield of about 60 to 100%.

Classical methods for hydrogenolysis are described in

10

“Catalytic Hydrogenation in Organic Synthesis: Proce-

dures and Commentary” by Morris Freifelder; John
Wiley and Sons, 1978, p. 112, and, *“Protective Groups
in Organic Synthesis” by Theodora W. Greene; John
Wiley and Sons, 1981, p. 272.

PREPARATION OF FORMULA 6

As shown in Reaction Scheme II, Alternate A, Step
1, a 5-hydroxy-3,4-dihydro-carbostyril of Formula 5
(obtained as discussed above in the starting materials
section, or as described below in conjunction with Re-
action Schemes III to V) and an epihalohydrin of For-
mula ¢ are contacted in the presence of a suitable basic
compound, preferably an alkah hydroxide (such as so-
dium hydroxide), in an appropriate inert solvent (e.g.,
lower alkanol or water). The reactants are used in an
equimolar ratio or the epihalohydrin can be up to 10
times the molar quantity of the compound of Formula 5.
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Reaction temperature ranges from 20° to 100° C., pref-

erably at the reflux temperature of the solvent and reac-
tion 1s generally complete after 4 to 24 hours. The reac-
tion product, a 5-(2,3-epoxypropoxy)-3,4-dihydrocar-
bostynil compound of Formula 6, is purified by conven-
tional means, e.g., extractions by an organic solvent,

fractional recrystallizations, column chromatography

methods, or the like.

The preparation of Formula 6 may be conducted
according to the procedure described in U.S. Pat. No.

- 4,482,560.

PREPARATION OF FORMUL_A 7

As shown in Reaction Scheme I, Alternate B, Step 1,
a 5-hydroxy-3,4-dihydro-carbostyril of Formula 5 (ob-
tamned as discussed above, or as described in conjunc-
tion with Reaction Schemes III, IV and V below) and 1
to 2 molar equivalents of an w-dihaloalkane of Formula
d are contacted together in the presence of a dehaloge-
nating agent, preferably an alkali hydroxide (such as
sodium hydroxide), in an inert solvent at room tempera-
ture to 100° C. for 4 to 12 hours. A small quantlty of a
metal iodide can optionally be added to increase the
yield. Isolation and punfication of the resulting S5-
(haloalkoxy)-3,4-dihydrocarbostyril compound of For-
‘mula 7, if required, are achieved by common methods,
like extraction, crystallization or column chromatogra-
phy. -
The compounds of Formula 7 can be obtained using

known procedures, e.g., as described in JP 5,1133.274
and in U.S. Pat. No. 4,482,560.

PREPARATION OF FORMULAI WHEREIN R41IS
| OH

As shown in Reaction Scheme II, Alternate A, Step
2, a 5-(2,3-epoxypropoxy)-3,4-dihydrocarbostyril of
Formula 6 is contacted with a secondary amine of For-
mula 4 in an inert solvent that will dissolve both reac-
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tants, for example, a lower alkanol polar solvent (such
as methanol or butanol, preferably ethanol! or isopropa-
nol). The reaction is generally complete after heating
the medium in the range of 40° to 100° C. (preferably at

the reflux temperature of the selected solvent) while

stirring for about 6 to 24 hours, preferably for 12 to 16
hours. The desired corresponding compound of For-
mula I (where R4is hydroxy) is recovered as a free base
using conventional means or as an acid addition salt.
The compound of Formula I is preferably recovered as
a hydrochlonde salt by addition of an excess of hydro-
chloric acid to the cooled reaction medium.

The reaction of a 5-(2,3-epoxypropoxy)-3,4-dihy-
drocarbostyril and a secondary amine which s analo-
gous to that shown in Formula 4 i1s described particu-
larly in U.S. Pat. No. 4,482,560 and by K.. Nakagawa et
al., J. Med. Chem. 1974, vol. 17, No. 5, p. 529-533.

PREPARATION OF FORMULA I WHEREIN R"' IS
- HOR LOWER ALKYL |

- As shown in Reaction Scheme II, Alternate B, Step 2,

a 5-(thaloalkoxy)-3,4-dihydrocarbostyril compound of
Formula 7 1s contacted with a secondary amine of For-
mula 4 on an equimolar basis; the medium 1s kept basic
by addition of one molar equivalent of an agent able to
capture hydrochloric acid (or “hydrogen halide recep-
tor”’, e.g., triethylamine; potassium or sodium carbon-
ate, and the like). The reaction takes place in a variety
of polar or nonpolar solvents (e.g. tetrahydrofuran,
dioxane, toluene, methanol, ethanol, isopropanol). The
reaction medium is heated while stirring at 15°-130° C.
(preferably at the reflux temperature of the selected
solvent) for 6 to 72 hours (preferably 24 to 48 hours).
The desired corresponding compound of Formula I
(where R4 is hydrogen or lower alkyl) is recovered as a
free base using conventional means, and can then be
converted into an addition salt by methods known to
those of ordinary skill in the art.

The 5-(haloalkoxy)-3,4-dihydrocarbostyrils and sec-
ondary amines can be condensed using conventional
methods. Such methods are described in: GER.
OFFEN. 3.034.237 and U.S. Pat. No. 4,482,560.

ALTERNATE PREPARATION OF FORMULA 5
| Where R? and/or R3 are Methyl

The compounds of Formula 5 where R? and/or R
are methyl can be advantageously prepared as de-

scribed below with reference to Reaction Schemes 111
and IV.

Adding Methyl at R2

As 1illustrated 1n Reaction Scheme 111, Step 1, a 5-
hydroxy-3,4-dihydrocarbostyril of Formula 5, where

R!is hydrogen or lower alkyl, R2is hydrogen, and R3is

hydrogen, halo, lower alkyl or lower alkoxy at the
6-position (obtained as described above in the Starting
Matenals section, or described below with reference to
Reaction Scheme IV) is contacted with a large excess of
formaldehyde and one to two molar equivalents of a
dialkyl amine (Formula 8 where R is lower alkyl) in an
aqueous solvent, preferably water. After stirring at
room temperature for about 2 to 10 hours, preferably 5
hours, a precipitate forms and is isolated by conven-
tional means, e.g., filtration and washing with cold wa-
ter) to give the 5-hydroxy-6-(optionally lower alkyl)-8-
(dialkylaminomethyl)-3,4-dihydrocarbostyril of For-
mula 9, which can serve as a ‘Mannich base in subse-
quent reactions. |
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As illustrated in Reaction Scheme I1I, Step 2, a Man-
nich base of Formula 9 is dissolved in an inert solvent
(such as a polar solvent, e.g., a lower alcohol, prefera-
bly ethanol) and hydrogenated at elevated temperature
(such as about 50° to 75° C., preferably 60° C.) over a
palladium hydroxide on carbon catalyst for 12 to 24
hours, preferably about 16 hours. The catalyst is re-
moved {e.g., by filtration) and the compound of For-
mula 5(a) 1s isolated by conventional means (e.g., evapo-
‘ration of the solvent and recrystallization from ethanol).

Adding Methyl at R3

As illustrated in Reaction Scheme 1V, Step 1, a §-
hydroxy-3,4-dihydrocarbostyril of Formula 5, where
Rlis hydrogen or lower alkyl, R? is hydrogen, halo,
“lower alkyl or lower alkoxy, and R3 is hydrogen (ob-
tained as described above in the Starting Materials sec-
tion or with reference to Reaction Scheme II]) is con-
tacted with two to three molar equivalents of formalde-
hyde and one molar equivalents of a primary amine
(Formula 10 where W 1s alkyl, aryl or cycloalkyl) in an
aqueous solvent, preferably water. After stirring at
room temperature for about 8 to 16 hours, preferably
about 12 hours, a precipitate forms and is isolated by
conventional means (e.g., filtration and recrystallization
from methanol) to give the oxazine of Formula 11.

As illustrated in Reaction Scheme IV, Step 2, an
- oxazine of Formula 11 is dissclved in an inert solvent
(such as a polar solvent, e.g., a lower alcohol, prefera-
bly methanol) and hydrogenated at room temperature
or optionally at elevated temperature (such as about 50°

to 75° C., preferably at room temperature) over a palla-

- dium hydroxide on carbon catalyst for 12 to 24 hours,
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preferably about 16 hours. The catalyst is removed -

- (e.g., by filtration) and the compound of Formula 5(b) is
isolated by conventional means (e.g., evaporation of the
solvent and recrystallization from ethanol).

Conversion to Formula 1

The compounds of Formulae 5a and 5b can be em-
ployed as the compound of Formula 5 in the reactions
described with reference to Reaction Scheme I, and

thereby be converted to compounds of Formula 1
wherein RZ and/or R3 are methyl.

~ SECOND ALTERNATE PREPARATION OF
 FORMULA 5
The compounds of Formula 5 where R! and R3 are
hydrogen, and R? is lower alkoxy (particularly me-

thoxy), can be advantageously prepared as described
below with reference to Reaction Scheme V.

Preparation of Formula 12

_Compoimds of Formula 12, where R is phenylmethyl
~or acetyl are obtained as follows.

Where R is phenyimethyl

4-Phenylmethoxy-phenol in acetic acid is nitrated by
contact with a slight molar excess of nitric acid at room
temperature, giving 2-nitro-4-phenylmethoxy-phenol.

2-Nitro-4-phenylmethoxy-phenol is methylated by
contacting it with a slight molar excess of potassium
carbonate and a large molar excess of methyl 10dide and
tetrabutylammonium bromide (TBAB) in an inert sol-
vent (such as acetone) and refluxed for 8 to 15 hours,
preferably 12 hours. After cooling, filtration and evapo-
ration of the solvent, the residue is purified by conven-
tional means to give 2-nitro-4-phenylmethoxyanisole,
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which in turn is hydrogenated to give the correspond-
ing aniline of Formula 12.

Where R 1s acetyl

4-methoxy-phenol is acetylated by reflux in a mixture
of acetic anhydride and acetic acid for a period of about
10 to 15 hours, preferably about 12 hours. The acety-
lated derivative is nitrated by contact with a slight
molar excess of nitric acid at room temperature, with
stirring for about 1 to 4 hours, preferably about 2 hours
giving 2-nitro-4-acetyloxy-amisole. The 2-nitro-4-
acetyloxy-anisole is hydrogenated to give the corre-
sponding aniline of Formula 12.

Preparation of Formula 13

To a cooled solution of an aniline of Formula 12 and
a shght molar excess of 3,3-dimethoxy-propanoic acid
(prepared, e.g., by refluxing methyl 3,3-dimethoxy-
propanoate and 2N NaOH in water, followed by acidifi-
cation with hydrochloric acid and isolation by conven-
tional means) in an inert solvent (e.g., methylene chlo-
nide), 1s added 1,3-dicyclohexylcarbodiimide (DCCO),
followed by stirring at a temperature of about 20° C. to

‘reflux for about 1 to 15 hours, preferably at room tem-

perature for about 4 to 6 hours. The dimethoxy deriva-
tive of Formula 13 is isolated by evaporation of the

solvent and working up in an alkyl ether, preferably
ditsopropyl ether. -

Preparation of Formula 14

A dimethoxy dernivative of Formula 13 1s cyclized
upon addition to a cooled solution of a strong organic or
inorganic acid, such as methanesulfonic acid, hydro-
chloric acid, hydrobromic acid, sulfuric acid and the
like, preferably concentrated hydrochloric acid (about
37%) and stirring at a temperature of about 20° to 80°
C., preferably at room temperature for about 30 minutes
to about 3 hours, preferably about 1.5 hour. The crude
5-hydroxy-carbostyril of Formula 14 1s isolated by fil-
tration of the cooled reaction medium, and purified by
trituration in cold water.

Preparation of Formula Sc

A carbostyril of Formula 14 is hydrogenated, e.g., in
a mixture of methanol/acetic acid, or preferably in
N-methylpyrrolidinone, with a palladium hydroxide
catalyst at elevated temperature (e.g., 40° to 80° C.) and
under a source of hydrogen for 24 to 48 hours, prefera-
bly about 36 hours. The catalyst is removed to give the
3,4-dihydrocarbostyril compound of Formula 5c.

Similarly, by starting with a 4-(lower alkoxy)phenol
the corresponding 2-(lower alkoxy)aniline compounds
can be prepared and converted to the corresponding
8-(lower alkoxy)-5-hydroxy-3,4-dihydrocarbostyrils.

PREPARATION OF PRODUCTS OF FORMULA 1
WHEREIN R21S OH

Formulae 6 and 7 Wherein R? is Phenylmethoxy

A compound of Formula 5 (wherein R21is hydroxy) is
contacted with a phenylmethyl halide in the presence of
a base to give the corresponding compound of Formula
5 wherein R? is phenylmethoxy. The resulting 5-
hydroxy-8-phenylmethoxy-3,4-dihydrocarbostyril s
contacted either with an epihalohydrin or with an w-
dihaloalkane in the presence of a base as described
above with reference to Reaction Scheme II, Alterna-



5,082,847

21 _
tives A and B, Steps 1, or e.g., following the method
described 1n U.S. Pat. No. 4,210,753.

Formula I Wherein R? is Phenylmethoxy

A compound of Formula 6 or 7 wherein R2is phenyl-
methoxy is condensed with a secondary amine of For-
 mula 4 using the methodology described with respect to
Reaction Scheme II, Alternatives A and B, Steps 2,
respectively, or e.g., following the method described in
Chem. Pharm. Bull, 29(8), 2161-65, 1981.

Formula I Wherein R2 is Hydroxy

Compounds of Formula I wherein R is OH are pre-
pared from compounds of Formula I wherein R? is
phenyimethoxy by removing the phenylmethyl protect-
ing group using the methodology described with re-
spect to Reaction Scheme I, Step 2, or according to
Chem. Pharm. Bull, 29(8), 2161-65, 1981.

PREPARATION OF COMPOUNDS OF
FORMULA 1 WHERE RZ AND/OR R4 ARE AN
- ACYLOXY GROUP. -

Esterification of one or both of the hydroxy groups
(R2 and R%) of compounds of Formula I can be done
according to known methods, using selective reactions
when monoacylation is desirable. See “Protecting
Groups in Organic Synthesis,” Theodora W. Greene,
John Wiley and Sons, 1981.

Esterification is generally accomplished by heating
the compound of Formula I (R?and/or R4are OH) with
an equivalent or an excess of the appropriate carboxylic
acid anhydride, chloride or bromide in a suitable sol-
vent in the presence of a tertiary amine. Temperature is

kept at 10°-90° C. for 4-24 hours, preferably at 15°-30°

C. for 6-8 hours. The desired ester 1s then recovered by
conventional extraction and purification methods. Ex-
amples can be found in U.S. Pat. No. 4,374,835 and the
appropriate sections of Morrison and Boyd, supra and
Fieser and Fieser, Reagents for Organic Synthesis, John
Wiley and Sons, Inc., New York, published in 1967.
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Suitable esters which are prepared include acetates,

propionates, butanoates, hexanoates,

dodecanoates and the like.

PREPARATION OF COMPOUNDS OF
FORMULA I AS PURE ENANTIOMERS

From a Racemic Mixture of Formula I

octanoates,

45

Products of Formula I wherein R4is not a hydrogen -

atom exist in two different enantiomeric forms which
can be resolved using conventional methods.

One such method consists of contacting a racemic
compound of Formula I with a suitable optically active
acid e.g. preferably L-pyroglutamic acid mn a ratio
which may vary from 0.8:1 to 1.4:1, preferably 1:1,in a
lower alkanol solvent, at a temperature within approxi-
mately 10° C. of the reflux temperature of the solvent,
and then allowing the resulting inscluble optically ac-
tive acid salt of Product I to crystallize from the solu-
tion. |

The crystalline insoluble optically active acid salt of
Product I is then cleaved with a suitable base, prefera-
bly with sodium or potassium hydroxide, to produce the
(R)(+) enantiomer of Product 1.

The (S)(—) enantiomer of Product I can be prepared
starting from the remaining mother liquors of the crys-

tallized optically active acid salt of Product I obtained

above.
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The mother liquors are concentrated under reduced
pressure and the residue is treated with aqueous potas-
sium or sodium hydroxide. The aqueous phase 1s. ex-
tracted with a suitable organic solvent (preferably
methylene chloride or chloroform) which is then
worked up by conventional means to recover the crude
(S)(—) enantiomer of Product I. Purification 1s
achieved by contacting the crude (S)(—) enantiomer of
Product 1 with D-pyroglutamic acid following the
method described above.

From Optically Active Intermediates

Enantiomers of compounds of Formula I wherein R4
is OH can also be prepared by reacting first a compound
of Formula 5 with a chiral epihalohydrin according to
general conditions described under Reaction Scheme
II, Alternate A, then condensing the resulting chiral
compound of Formula 6 with a piperidylcarbamate of
Formula 4 following the reaction conditions given
under Reaction Scheme II, Alternate A, Step 2.

Chiral epihalohydrins are commercially available,
e.g. (2R) and (2S)-epichlorohydrins may be obtained
from DAISO Co. Ltd. (Japan).

Alternatively, in Reaction Scheme 11, Alternate A,
epihalohydrins can be replaced by chiral glycidyltosy-
lates which are readily available, e.g. (2R)-and (2S)-
glycidyltosylates can be obtained from Aldrich Chemi-
cal Co. (Wisconsin).

The reaction between a glycidyltosylate and a 35-
hydroxycarbostyril (Formula 5) is carned out in the
presence of a suitable base, preferably an alkaline hy-
dride or hydroxide, in an appropriate solvent (e.g. a
solvent in which the alkaline sait of Formula 5 1s soluble
at low temperature). Reaction temperature ranges from
20° to 100° C., preferably 50°-80° C., and reaction is
generally complete within 2 to 8 hours. The reaction
product is purified by conventional means, e.g. extrac-
tion by an organic soivent, fractional recrystallization,
column chromatography, or the like.

PREPARATION OF PRODUCTS OF FORMULA I
- AS ACID ADDITION SALTS

The compounds of Formula I in free base form may
be converted to the acid addition salts by treatment
with the appropriate organic or inorganic acid, such as,
for example, phosphoric, pyruvic, hydrochloric or sul-
furic acid and the like. Typically, the free base is dis-
solved in a polar organic solvent such as ethanol or
methanol, and the acid added thereto. The temperature
is maintained between about 0° C. and about 100" C.
The resulting acid addition salt precipitates spontane-
ously or may be brought out of solution with a less polar
solvent.

The acid addition salts of the compounds of Formula
I may be decomposed to the corresponding free base by
treatment with a suitable base, such as potassium car-
bonate or sodium hydroxide, typically in the presence
of an aqueous solvent, and at a temperature of between
about 0° C. and 100° C. The free base form 1s isolated by
conventional means, such as extraction with an organic
solvent. |

Salts of the compounds of Formula I may be inter-
changed by taking advantage of differential solubilities
and volatilities, or by treatment with a suitably loaded
ion exchange resin. This conversion 1s carried out at a
temperature between about 0° C. and the boiling point

of the solvent being used as the medium for the proce-
dure.
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In summary, compounds of Formula I are prepared

. according to the following last steps:

- a. contacting a racemic or chiral 5-(2,3-epoxypropoxy)-
~ 3,4-dihydrocarbostyril with a 4-piperidylcarbamate
to give a compound according to Formula 1 where

R4is OH; or
b.. contacting a S5-(haloalkoxy)-3,4-dihydrocarbostyril

with a 4-pipenidylcarbamate to give a compound

-according to Formula I where R4is H or lower alkyl;
or
c. acylating a compound of Formula I wherein either
- R?20r R4is OH, or R2 and R4 are both OH; or
d. saponifying a compound of Formula I wherein either
'R2 or R4 is —O—CO-—alkyl, or R2 and R4 are both
“e. deprotecting a compound of Formula I wherein R?is
aralkoxy; or
f. resolving a racemic mixture of stereoisomers of For-
mula I into pure enantiomers using an appropriate
“optically active acid; or |
g. converting a compound of Formula I in free base
form to the acid addition salt by treatment with the
~ appropriate organic or inorganic acid; or
h. decomposing an acid addition salt of a compound of

Formula I to the corresponding free base by treat-

ment with a suitable base or by treatment with a

suitably loaded 10n exchange resin; or
1. Interchanging an acid addition salt of a compound of

Formula I with another acid addition salt by taking

advantage of differential dissociation constants, solu-

bilities or by treatment with a suitably loaded 1on

. exchange resin.

The following preparatmns and examples are given to
-enable those skilled in the art to more clearly under-
stand and practice the present invention. They should
not be considered as a limitation on the scope of the
mvention, but merely as being illustrative and represen-
tative thereof.

PREPARATIONS
PREPARATION 1

Lower Alkyl (1 Phenylmethyl-4»p1pendyl)carbamates
. Intermediates of Formula 2

- (A) Ethy! (1-phenylmethyl-4-piperidyl)carbamate
Ethyl chloroformate (30 g, 0.276 mol) was added at
0° C. to 4-amino-1-phenylmethylpiperidine (50 g, 0.262
- mol) in pyridine (600 mL). After the addition, the mix-
ture was kept at room temperature overnight, and the
pynidine was then evaporated. The residue was ex-
tracted with methylene chloride; and the resulting solu-
tion washed with water, dried over sodium sulfate, and
the methylene chloride evaporated to dryness. The
 residue was dissolved in diisopropyl ether. A white
product precipitated, which was isolated by filtration to
yield 42.71 g (62%) of ethyl (l-phenyimethyl-4-
piperidyl)-carbamate, m.p. 100° C.
(B) Similarly, proceeding as in part A above, but
replacing ethyl chloroformate by:
methyl chloroformate,
propyl chloroformate,
isopropyl chloroformate,
butyl chloroformate, and
isobutyl chioroformate, respectively,
the following compounds were prepared:
‘methyl (1-phenylmethyl-4-pipendyl)carbamate,
88° C.,

m.p.
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propyl (1-phenylmethyl-4-piperidyl)car’oamate,

92° C,,

m.p.

_lsoprOpyl (1-phenylmethy]-4—p1pendy])carbamate m.p.

95° C,,
butyl (l-phenylmethyl#pipeﬁdyl)carbamate, m.p. 94°

C., and
isobutyl (1-phenylmethyl-4-piperidyl)carbamate, m.p.

110° C.

(C) Similarly, proceeding as in part A above, but
replacing 4-amino-1-phenyimethylpiperidine with a
compound of Formula 1 where R is lower alkyl, and
optionally replacing ethyl chloroformate with a differ-
ent lower alkyl chloroformate, the following intermedi-
ates of Formula 2 are prepared:

methyl N-methyl-(1-phenylmethyl-4-pipenidyl)carba-
mate,

methyl N-ethyl-(1-phenylmethyl-4-piperidyl)carba-
mate,

methyl N-isobutyl-(1-phenylmethyl-4-pipenidyl)carba-
mate,

ethyl
mate,

ethyl N-ethyl-(1-phenylmethyl-4-piperidyl)carbamate,

N-methyl-(1-phenylmethyl-4-piperidyl)carba-

ethyl  N-isobutyl-(1-phenylmethyl-4-piperidyl)carba-

~ mate,.

propyl N-methyl-(1-phenylmethyl-4-piperidyl)carba-
mate,

propyl N-ethyl-(1-phenylmethyl-4-pipenidyl)carba-
mate,

propyl N-1sobutyl-(1-phenylmethyl-4-piperidyl)carba-
mate,

isopropyl N-methyl-(1-phenylmethyl-4-piperidyl)car-
bamate,

isopropyl N-ethyl-(1-phenylmethyl-4-pipenidyl)carba-

- mate,

isopropyl N-isobutyl-(1-phenylmethyl-4-piperidyl)car-
bamate,

butyl N-methyl-(1-phenylmethyl-4-pipen dyl)carba-
mate,

butyl N- ethy] -(1-phenylmethyl-4-piperidyl)carbamate,

butyl  N-isobutyl-(1-phenylmethyl-4-piperidyl)carba-
mate,

1sobutyl N-methyl-(1-phenylmethyl-4-piperidyl)carba-

mate, m.p. 125° C,,
1sobutyl  N-ethyl- (1-phenylmethy]-4-piperidyl)carba-

mate, and
isobutyl N-isobutyl-(1-phenylmethyl-4-pipenidyl)carba-

mate, m.p. 133° C.

(D) Other lower alkyl N-(R%)-(1-phenylmethyl-4-
piperidyl)carbamate intermediates of Formula 2 may be
prepared in similar fashion, starting with the appropri-
ate lower alkyl chloroformate and 4-(R>)amino-1-
phenylmethylpiperidine of Formula 1.

PREPARATION 2
4-Imidazolylcarbonylamino-1-phenylmethylpiperidines
Intermediates of Formula 3

(A)
piperidine

4- Amino- l-phenylmethy]plpendme (57.5 g) was dis-
solved 1n tetrahydrofuran (150 mL), and the solution
added dropwise over a 30 minute period to a cold solu-
tion (0° to 5° C.) of carbonyldiimidazole (50 g) in tetra-
hydrofuran (500 mL.). When the addition was complete,
the reaction medium was allowed to return to room

4-1midazolylcarbonylamino-1-phenylmethyl-

~ temperature (20° C.) and stirred continuously for an-

other 20 hours. The solid which precipitated was fil-
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tered and washed with ethyl acetate, giving 50 g of
4-imidazolylcarbonylamino- 1-phenylmethylpiperidine,

m.p. 156° C. The mother liquors were concentrated by
evaporating two-thirds of the solvent, producing an
additional 14 g yield of the desired compound. The
overall yield of 4-imidazolylcarbonylamino-1-phenyl-

methylpiperidine was 73%.

- (B) Similarly, proceeding as in part A above, but

replacing 4-amino-1-phenylmethylpiperidine with a

compound of Formula 1 wherein R is lower alkyl, the

following compounds are prepared:

4—m-methylmduolycarbonylamlno) 1-phenylmethyl-
piperidine;

4-(N —ethylumdazolycarbonylammo) 1-phenylmethyl-
piperidine;

4-(N- lsopmpyhmldazolycarbonylanuno) 1-phenylme-
thylpiperidine; and

4-(N-butylumdamlycarbonylammo) 1-phenylmethyi-
piperidine.

(C) Other 4-(N-lower alkylimidazolylcar-
bonylamino)-1-phenylmethylpiperidines may be pre-
pared in similar fashion, starting with the appropriate
N-(R5)-4-amino-1-phenylmethylpiperidine of Formula
{ |

| PREPARATION 3
Lower alkyl(1-phenylimethyl-4-piperidyl)carbamates
Intermediates of Formula 2

(A) Cyclopropylmethyl
piperidyl)carbamate

A solution of 4-imidazolylcarbonylamino-1-phenyl-
methylpiperidine (10 g, 0.035 mol), from Preparation 2,
in dioxane (100 mL) was added to cyclopropaneme-
thanol (2.42 g, 0.035 mol), then heated overnight at
- 80°-100° C. with stirring. The reaction mixture was
allowed to return to room temperature and the dioxane
evaporated under reduced pressure, and the restidue was
flash-chromatographed using ethyl acetate/heptane
(50:50) as eluent. 9.5 g of cyclopropylmethyl (1-phenyl-
methy]A-piperidyl)carbamate m.p. 70°-72°
recovered and used in the next step without further
purification.

(B) Similarly, proceedmg as in part A above, but
replacing the cyclopropylmethanol with other alcohols,
the following (l-phenylmethy1-4~p1per1dy])carbamates
were prepared:
methyl (l-phenylmethyl 4-piperidyl)carbamate, m.p.

88° C.,
cthyl,(l-phenylmethyl+p1per1dyl)carbamate, m.p. 100°

C., |
propyl " (l-phenylmethyi-4-piperidyl)carbamate,

92° C.,
isopropyl (1-phenylmethyl-4-piperidyl)carbamate, m.p.

95° C,,
butyl (l-phenylmcthyl-4-p1per1dyl)carbamate, m.p. 94°

C.,

(1-phenylmethyl-4-

m.p.

C., was

- 26

2-dimethylaminoethyl (1-phenylmethyl-4-piperidyl)car-

bamate, oil. | |

(C) Similarly, proceeding as in part A above, but
replacing 4-imidazolylcarbonylamino-1-phenylmethyl-
piperidine with 4-(N-methylimidazolylcarbonylamino)-
1-phenylmethylpiperidine or 4-(N-1sobutylimidazolyl-
carbonylammo-l-phenylmethylplpendme respectively,

- there were prepared:
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isobutyI (1-phenylmethyl-4-piperidyl)carbamate, m.p.

100° C.,

tert-butyl (1-phenylmethyl-4-piperidyl)carbamate, oil,

isopentyl (1-phenylmethyi-4-piperidyl)carbamate, m.p.
125° C,,

2 2-dlmethylpr0pyl (1-phenylmethyl-4-p1per1dyl)carba-
-mate, m.p. 137° C,,

2-methoxyethyl (1 -phen ylmethyl-4-piperidyl)carba-
mate, oil,
4.-hydroxybutyl (1-phenylmethyl-4-piperidyl)carba-

mate, oil, and
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isobutyl N-methyl-(1-phenylmethyl-4-piperidyl)carba-
mate, m.p. 125° C., and
isobutyl N-isobutyl-(1-phenylmethyl-4-pipendyl)carba-

mate, m.p. 133° C,

(D) Similarly, proceeding as in part A above, but
optionally replacing 4-imidazolylcarbonylamino-1-
phenylmethylpiperidine with a compound of Formula 3
where R3is lower alkyl, and optionally replacing cyclo-
propanemethanol with another alcohol, the following
intermediates of Formula 2 are prepared:

cyclopropylmethyl N-methyl-(1-phenylmethyl-4-
piperidyl)carbamate,

cyclopropylmethyl N-butyl-(1-phenylmethyli-4-
piperidyl)carbamate,

isobutyl  N-ethyl-(1-phenylmethyl-4-piperidyl)carba-
mate, :

ethyl N-propyl-(1-phenylmethyl-4-piperidyl)carba-
mate, and

methyl N-isopropyl-(1-phenylmethyl-4-pipenidyl)car-
bamate.
(E) Other N-(R°)-(1-phenylmethyl-4-piperidyl)carba-

mate intermediates of Formula 2 may be prepared in
similar fashion, starting with the approprnate alcohol
and compound of Formula 3.

PREPARATION 4
4-Piperidylcarbamates
Intermediates of Formula 4

(A) 2-methoxyethyl 4-piperidylcarbamate

2-Methoxyethyl (1-phenylmethyl-4-pipenidyljcarba--
mate (9.6 g), prepared according to Preparation 3, was
dissolved in ethy! acetate (100 mL). Palladium hydrox-
ide (10% on carbon, 1 g) was added, and the mixture
was stirred under hydrogen (1 bar) for 6 hours. The
catalyst was removed by filtration, and the solvent
evaporated to give 6.5 g of 2-methoxyethyl-4-piperidyl-
carbamate as an oil, which was used without further
purification.

(B) Similarly, proceeding as in part A above, but
replacing 2-methoxyethyl (I-phenylmethyl-4-
piperidyl)carbamate with other intermediates of For-
mula 2, the following 4-pipendylcarbamates were pre-
pared: |
methyl 4-piperidylcarbamate, m.p. 72° C.,
ethyl 4-piperidylcarbamate, m.p. 84° C,,
propyl 4-piperidylcarbamate, m.p. 76" C,,
isopropyl 4-piperidylcarbamate, m.p. 90° C,,
butyl 4-piperidylcarbamate, m.p. 80° C,,
isobutyl 4-piperidylcarbamate, m.p. 106° C,,
tert-butyl 4-piperidylcarbamate, m.p. 145° C,,
isopentyl 4-piperidylcarbamate, m.p. 112° C,;
2,2-dimethyipropyl 4-piperidylcarbamate, m.p. 145" C.,
cyclopropylmethyl 4-piperidylcarbamate, m.p. 125° C,,
cyclopentylmethyl 4-piperidylcarbamate, m.p. 120° C,,
(4-hydroxybutyl) 4-piperidyicarbamate, oil,
diethylaminoethyl 4-piperidylcarbamate, oil,
(2-hydroxy-2-methylpropyl!) 4-piperidylcarbamate,

m.p. 142° C,,
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1sobutyl N-—methy]-4-p1per1dylcarbamate m.p. 118° C.,

and
iscbutyl N-1sobutyl-4-piperidylcarbamate, m.p. 129° C.
(C) Other 4-piperidylcarbamates of Formula 4 may
be prepared in similar fashion, starting with the appro-
priate 1-phenyimethyl intermediate of Formula 2.

PREPARATION 5
- 5-(2,3-Epoxypropoxy)-3,4-dihydrocarbostyrils
Intermediates of Formula 6 |

- {(A) 8-Phenylmethoxy-5-(2,3-epoxypropoxy)-3,4-

~dihydrocarbostyril

- 8-Phenylmethoxy-3,4-dihydro-5-hydroxycarbostyril
(32.5 g) was dissolved in ethanol (300 mL.). Potassium

carbonate (25 g) and epichlorohydrin (45 g) were added

to the solution, and the mixture heated under reflux for

four hours. After cooling, the ethanol was evaporated -

~and water added. The aqueous solution was then ex-

- tracted with methylene chloride, the resulting solution
‘'was washed with water, dried over sodium sulfate and
the methylene chloride was evaporated under reduced

- pressure. The residue was worked up with dusopropyl
ether (10 mL), yielding 35 g of 8-phenylmethoxy-5-(2,3-
epoXypropoxy)-3,4-dihydrocarbostyril, m.p. 106°-108°
C.
- (B) Similarly, proceeding as in part A above, but
rcplacmg the S-phenylmethoxy 3,4-dihydro-5-hydrox-
ycarbostyril with:
3,4-dihydro-5-hydroxycarbostyril,
'3,4-dihydro-5-hydroxy-1-methylcarbostyril,
8-bromo-3,4-dihydro-5-hydroxycarbostyril,
8-chloro-3,4-dihydro-5-hydroxycarbostyril,
‘8-fluoro-3,4-dihydro-5-hydroxycarbostyril,
3,4-dihydro-5-hydroxy-8-methylcarbostyril,
3,4-dihydro-3-hydroxy-8-methoxycarbostyril, and
3,4-dihydro-5-hydroxycarbostyril N-oxide,
respectively, the following intermediates of Formula 6
were prepared:
5-(2,3-epoxypropoxy)-3,4-dihydrocarbostyril,
172°-173° C,,
5-(2, 3-epoxypmpoxy) 3,4-dihydro-1-methylcarbostyril,
- m.p. 76° C,,
8-bromo-5-(2, 3-epoxypr0poxy) 3 ,4-dihydrocarbostyril,
. m.p. 220°-222° C,,
8-chloro-5-(2, 3-ep0xypr0poxy) 3 ,4-dihydrocarbostyril,
- m.p. 258°-260° C,,
5-(2,3-epoxypropoxy)-8-ﬂuoro-3,4-dihydrocarbostyril,
5-(2,3-epoxypropoxy)-3,4-dihydro-8-methylcarbostyril,
m.p. 180° C,,
- 5-(2, 3-epoxypr0poxy) -3 4-d1hydro 8-methoxycarbos-
tyril, m.p. 196°-198° C., and |

m.p.

5-(2,3-epoxypr0poxy)-3,Ldihydrocarbostyril N-oxide. -

() Other 5-(2,3-epoxypropoxy)-3,4-dihydrocarbos-

tyrils of Formula 6 may be prepared in similar fashion,
starting with the appropriate 3 4-dihydro-5-hydrox-
ycarbostyrii and either epichlorohydrin or another epl-
halohydrnn. - |

PREPARATION 6
5-(w-Haloalkoxy)-3,4-dihydrocarbostyrils
Intermediates of Formula 7
(A) 5-(2-chloroethoxy)-3,4-dihydrocarbostyril

Potassium hydroxide (20 g) was added to a solution of

3,4-dihydro-5-hydroxycarbostyril (32.5 g) in propanol
(250 mL), and stirred at 50°-60° C. until complete disso-
lution. 1-bromo-2-chioroethane (30 g) was then added,
and the mixture heated at reflux temperature for 15
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‘hours. After cooling, the reaction mixture was poured

into aqueous sodium hydroxide (2N, 500 ml). The
crude product thus formed was isolated by filtration,
then recrystallized from disopropyl ether to yield 31 g
of pure 5-(2-chloroethoxy)-3,4-dihydrocarbostyril.

(B) Similarly, proceeding as in part A above, but

'replacing 3,4-dihydro-5-hydroxycarbostyril with an-

other compound of Formula 5, the following com-
pounds of Formula 7 are prepared:
8-chloro-5-(2-chioroethoxy)-3,4-dihydrocarbostyril,
5-(2-chloroethoxy)-3,4-dihydro-8-methylcarbostyril,
and
5-(2-chloroethoxy)-3,4-dihydro-8-methoxycarbostyril.
(C) Similarly, proceeding as in part A above, but
replacing 1-bromo-2-chloroethane by:
1-bromo-2-chioropropane,
1-bromo-3-chioropropane,

- I-bromo-4-chlorobutane,

1-bromo-5-chloropentane,
1-bromo-3-chloro-2-methylpropane, and
2-bromo-1-chloropropane, respectively,
and replacing 3,4-dihydro-5-hydroxycarbostyril with
an appropriate compound of Formula 5, there are ob-
tained:
5-(2-chloropropoxy)-3,4-dihydrocarbostyril,
5-(3-chloropropoxy)-3,4-dihydrocarbostyril,
5-(4-chlorobutoxy)-3,4-dihydrocarbostyril,
5-(5-chloropentoxy)-3,4-dihydrocarbostyril,
5-(3-chloro-2-methylpropoxy)-3,4-dihydrocarbostyril,
and
5-(2-chloro-1-methylethoxy)-3,4-dihydrocarbostyril.
(D) Similarly, proceeding as in part A above, but
replacing 3,4-dihydro-5-hydroxycarbostyril with an-
other compound of formula 5 and 1-bromo-2-chloroe-
thane with another bromochloroalkane, the following
compounds of Formula 7 are prepared:

5-(2-chloroethoxy)-3,4-dihydro-1-methylcarbostyril,

8-phenylmethoxy-5-(2-chloroethoxy)-3,4-dihydrocar-
bostyril,
8-chloro-5-(3-chloropropoxy)-3,4-dihydrocarbostyril,
5-(2-chloro-1-methylethoxy)-3,4-dihydro-8-methylcar-
bostyril, and
5-(2-chloroethoxy)-3,4-dihydrocarbostyril N-oxide.

PREPARATION 7

8-(dialkylaminomethyl)-3,4-dihydro-5-hydroxycarbos-
tyrils

Intermediates of Formula 9

(A) 8-diethylaminomethyl-3,4-dihydro-5-hydrox-

ycarbostyril

- To a stirred suspension of 3,4-dihydro-5-hydroxycar-
bostyril (30 g, 184 mM) in water (300 mL) was added
diethylamine (14 g, 191 mM) followed by a 36% solu-
tion of formaldehyde in water (300 mL). The mixture
was stirred for 5 hours and the resulting precipitate was
filtered and washed with ice-water (50 mL) to give
8-diethylaminomethyl-3,4-dihydro-5-hydroxycarbos-
tyril.

(B) Similarly, proceeding as in part A above, but
replacing 3,4-dihydro-5-hydroxycarbostyril with 3,4-
dihydro-5-hydroxy-6-methylcarbostyril, there was ob-
tained 8-diethylaminomethyi-3,4-dihydro-5-hydroxy-6-
methylcarbostyril.
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PREPARATION 8

Intermedlates of Formula 5a

(A) 3 4—d1hydro-5-hydroxy-S-methylcarbostynl
8-Diethylaminomethyl-3,4-dihydro-5-hydroxycar-
bostyril from Preparation 7, as the crude wet product
- without further purification was dissolved in ethanol
(500 mL) and hydrogenated at 60° C. over 10%-
Pd(OH)./C (1 g) for 16 hours. The catalyst was re-

moved by filtration, the solvent was evaporated and the

crude product recrystallized from ethanol to vield 15.2

g (47%) of 3,4-dihydro-5-hydroxy-8-methylcarbostyril
as a white solid, m.p. 186°-187° C.

(B) Similarly, proceeding as in part A above, but
replacing 8-diethylaminomethyl-3,4-dihydro-5-hydrox-
ycarbostyril with 8-diethylaminomethyl-3,4-dihydro-5-
hydroxy-6-methylcarbostyril, there was obtained 3,4-
dihydro-5-hydroxy-6,8-dimethylcarbostyril, m.p. 212°
C. |

PREPARATION 9

(1,3)oxazino(6,5f)-3,4,7,8,9,10-hexahydrocarbostyrils

Intermediates of Formula 10

(A) To a solution of 3,4-dihydro-5-hydroxycarbos-
tyril (15 g, 92 mM) in methanol (500 mL) was added
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material was collected and dried, giving 190 g
(yield=90%), m.p. 116° C. _

B. 4-Methoxy-3-nitropheny! acetate (56 g) was added
to 400 mi of ethyl acetate with 2.5 g of palladium hy-
droxide at 20% and stirred under hydrogen for 4 hours.-
After filtration through Celite the solvent was evapo-
rated under reduced pressure and the residue triturated
with a small amount of heptane affording 46.7 g
(Yield =97. 4%, m.p. 81“ C.) of 5-acetoxy- 2-methox-
yaniline.

PREPARATION 12
Intermediates of Formula 12 where R is Phenylmethyl

A. To 20 g (0.1 mole) of 4-phenylmethoxy-phenol in
200 ml acetic acid were added, dropwise at room tem-
perature, 7.26 ml of nitric acid (d=1.4, 0.105 mole). 2
Hours after completion of the addition the reaction
medium was poured onto cold water and extracted
twice with 250 ml of methylene chloride. The organic
phase was washed twice with 200 m! of water and dried
over sodium suifate. Then the solvent was evaporated
and the residue flash chromatographed using ethyl
acetate/heptane 30/70 as eluting solvent to give 17.3 g
(Yield=70.6%) of 2-nitro-4-phenylmethoxy-phenol.

B. With 82 g (0.335 mole) of 2-nitro-4-phenylme-
thoxy-phenol, 46 g (0 035 mole) of K2C03, 83 ml (1.34
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formaldehyde in water (50 mL). The mixture was

stirred for at room temperature overnight, and the re-
sulting precipitate was filtered and recrystallized from
methanol to give (1,3)oxazino(6,3f)-3,4,7,8,9,10-hexahy-
drocarbostyril as a white solid, m.p. 214°-215° C.

(B) Similarly, proceeding as in part A above, but
replacing 3,4-dihydro-5-hydroxycarbostyril with 3,4-
dihydro-5-hydroxy-8-methylcarbostyril, there was ob-
tained (1,3)oxazino(6,5)-3,4,7,8,9,10-hexahydro-8-
methylcarbostyril, m.p. 138°~-140° C.

PREPARATION' 10
Intermediates of Formula 5b -

(A) 3,4-dihydro-5-hydroxy-6-methylcarbostyril

(1,3)Oxazino(6,5f)-3,4,7,8,9,10-hexahydrocarbostyril
from Preparation 9 (10 g, 35 mM) was dissolved in
methano! (150 mL) and hydrogenated at 60° C. over
10%-Pd(OH)>/C (0.5 g) overnight. The catalyst was
removed by filtration, the solvent was evaporated and
the crude product recrystallized from ethanol to yield
5.2 g (84%) of 3,4-dihydro-5-hydroxy-6-methylcarbos-
tyril as a white solid, m.p. 181°-182° C.

(B) Similarly, proceeding as in part A above, but
replacing (1,3)oxazino(6,51)-3,4,7,8,9,10-hexahydrocar-
bostyrii with (1,3)oxazino(6,5f)-3,4,7,8,9,10-hexahydro-
8-methylcarbostyril, there was obtained 3,4-dihydro-5-
hydroxy-ﬁ 8-dimethylcarbostyril, m.p. 212° C.

PREPARATION 11
Intermediates of Formula 12 where R is Acetyl

A. One mole of 4-methoxy-phenol in a mixture of 300
ml acetic anhydride and 300 ml] acetic acid was refluxed
for 12 hours. After cooling, 54 ml of nitric acid (1.3
equivalents, fuming nitric acid, d=1.52) was added
dropwise at room temperature. The temperature rose to
about 70° C. and nitrous vapors appeared. After com-
pletion of the addition the mixture was left under stir-
ring for 2 hours to give 4-methoxy-3-nitrophenyl ace-
tate as a precipitate. Isopropyl ether (300 ml) was added
and the mixture was cooled to 0° C. The precipitated
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acetone were refluxed for 12 hours. The cooled solution
was filtered and evaporated. The residue was taken up
with methylene chloride, washed with water then dried
on sodium sulfate. Evaporation of the solvent gave 73 g
(Yield =85%) of 2-nitro-4-phenylmethoxy-anisole.

C. 2- Nltro-4—pheny1methoxy-amsole (73 g)and 1.3 g
of platinium oxide in 600 m! of methanol were hydroge-
nated at room temperature. The catalyst was filtered on
Celite and the methanol evaporated. The residue was
dissolved in methylene chloride and washed with dilute
sodium hydroxide then water. Evaporation of the sol-
vent gave 49.35 g (Yield=76%) of 2-methoxy 5-
phenylmethoxy-amllne

PREPARATION 13

50 g (0.33 mol.) of Methyl 3,3-dimethoxy-propanoate
in 200 ml of 2N NaOH solution in water were refluxed
2 hours. After cooling the solution was acidified with
hydrochloric acid then extracted two times with 200 ml
of CH>Cl,. The extracts were dried on sodium sulfate
and evaporated to leave 35 g (Yield=78%) of 3,3-dime-
thoxy-propanoic acid as an oil.

PREPARATION 14

A. To a cooled solution (0° C.) of 2-methoxy-5-
acetyloxy-aniline (5§ g, 0.0276 mole), 3,3-dimethoxy-
propanoic acid (5 g, 0.0373 mole) in 75 ml of methylene
chloride was added DCC (5.7 g, 0.0276 mole) in 20 ml
of methylene chloride. After completion of the addi-
tion, the solution was stirred for a further 4 hours. The
reaction medium was concentrated to 25 ml, diluted
with 200 mi of isopropyl ether, cooled to 5° C. and the
resulting precipitate was isolated by filtration, giving

- N-(3,3-dimethoxypropanoyl)-2-methoxy-5-acetoxy-ani-

65

hine 7.7 g (Yield=95%).

B. To a cooled solution of hydrochloric acid (37%,
40 ml) were added 4 g of the dimethoxy derivative
obtained in part A above. After completion of the addi-
tion the solution was stirred at room temperature for a
further 1.5 hours, at which time a precipitate formed
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and was filtered and taken up in 15 ml] of water, to give

5-hydroxy-8-methoxycarbostyril, 2.2 g (Yield=85.5%,

m.p. 236° C.).

C. 5-Hydroxy-8-methoxycarbostyril (12.5 g) in 200

m! of N-methylpyrrolidinone with 500 mg of palladium
hydroxide (20%) were hydrogenated at 50° C. under 1,2
bar hydrogen. The catalyst was removed by fiitration
through Celite and the solvent evaporated to give 12.4
g of 5-hydroxy-8-methoxy-3,4-dihydrocarbostyril
(mp=190° C.).

D. By starting with the 4-phenylmethy] derivative
- obtained in Preparation 12, and following steps A, B

and C above, 5-hydroxy-8-methoxy-3,4-dihydrocarbos-
tyril is likewise obtained. _.

EXAMPLES
EXAMPLE 1

3,4—Dihydro-5-[2-h}}rdroxy-3-(4—R60-carbonylamino)-1- '

piperidyl)propoxyjcarbostyrils
Compounds of Formula I where m=n=1 and R4=0H

(A) 3,4-dihydro-5-[2-hydroxy-3-(4-(ethoxycar-
bonylamino)-1-piperidyl)propoxy]carbostyril (A com-
pound of Formula I where m=n=I,
- RI=RZ2=R3=R5=H, R4=0H, and R6=C;H5

Ethyl 4-piperidylcarbamate (2 g), from Preparation 4,
and 5-(2,3-epoxypropoxy)-3,4-dihydrocarbostyril (2.54
g), from Preparation 5, were dissolved in ethanol (50
mL) and the resulting solution was heated under reflux
- for 6 hours and then cooled to room temperature. Con-
centrated hydrochloric acid (1 mL) was added. A white
product precipitated, which was collected by filtration.

The crude product was recrystallized from ethanol to

yield 2.8 g (56.5%) of 3,4-dihydro-5-[2-hydroxy-3-(4-
~ (ethoxycarbonylamino)-1-piperidyl)propoxy]carbos-
tyril hydrochloride, m.p. 232°-234° C. (dec.).
- (B) Proceeding as in part A above, but replacing
- ethyl 4-piperidylycarbamate with isopropyl 4-piperidyl-
carbamate, there was obtained 3,4-dihydro-5-]2-

- hydroxy-3-(4-((2-methylpropoxy)carbonylamino)-1-

piperidyl)propoxy]carbostyril hydrochloride, m.p. 150°
C

- replacing ethyl 4-piperidylycarbamate with a corre-
- sponding compound of Formula 4 and replacing 5-(2,3-
~ epoxypropoxy)-3,4-dihydrocarbostyril with a corre-
sponding compound of Formula 6, the following com-
pounds of Formula I were prepared:
-3,4-dihydro-5-[2-hydroxy-3-(4-(methoxycar-
bonylamino)-1-piperidyl)propoxy]carbostyril hydro-
- chloride, m.p. 250° C.; |
3,4-dihydro-5-[2-hydroxy-3-(4-(propoxycar-
~ bonylamino)-1-pipenidyl)propoxy]carbostyril hydro-
- chlonde, m.p. 236° C,;
3,4-dihydro-5-[2-hydroxy-3-(4-butoxycarbonylamino)-
~ 1-pipendyl)propoxylcarbostyril hydrochloride, m.p.
252° C.;
3,4-dihydro-5-{2-hydroxy-3-(4-isobutoxycar-
bonylamino)- 1-piperidyl)propoxy]carbostyril hydro-
- chlonde, m.p. 240° C.;
3,4-dihydro-5-12-hydroxy-3-(4-(tert-butoxycar-
bonylamino)-1-piperidyl)propoxy]carbostyril hydro-
chlonde, m.p. 138° C; o
3,4-dihydro-5-[2-hydroxy-3-(4-(isopentoxycar-
bonylamino)- I-piperidyl)propoxy]carbostyril hydro-
chloride, m.p. 220° C.;

(C) Similarly, p.mceeding as In part A .above, but
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3,4-dihydro-5-[2-hydroxy-3-(4-((2,2-dimethylpropoxy)-
carbonylamino)-1-piperidyl)propoxy]carbostyril hy-
drochloride, m.p. 170° C.;
3,4-dihydro-5-[2-hydroxy-3-(4-({(cyclopropylmethoxy)-
carbonylamino)-1-piperidyl)propoxy]carbostyril hy-
drochloride, m.p. 250° C,;
3,4-dihydro-5-[2-hydroxy-3-(4-((cyclopentylmethoxy)-
carbonylamino)-1-piperidyl)propoxy]lcarbostyril hy-
drochloride, m.p. 240° C;
3,4-dihydro-5-[2-hydroxy-3-(4-((4-hydroxy-n-butoxy)-
carbonylamino)-1-piperidyl)propoxy]carbostyrili hy-
drochlonde, m.p. 206° C.;
3,4-dihydro-5-[2-hydroxy-3-(4-({diethylaminoethoxy)-
carbonylamino)-1-piperidyl)propoxy]carbostyril hy-
drochloride, m.p. 160° C.;
3,4-dihydro-5-[2-hydroxy-3-(4-((2-hydroxy-2-methyl-
propoxy )carbonylamino)-1-piperidyl)propoxyjcar-
bostyril hydrochioride, m.p. 210° C,;
3,4-dihydro-5-[2-hydroxy-3-(4-(isobutoxycarbonyl-IN-
methylamino)-1-piperidyl)propoxy]carbostyril  hy-
drochlonde, m.p. 206° C.;
1-methyl-3,4-dihydro-5-{2-hydroxy-3-(4-(isobutoxycar-
bonylamino)-1-piperidyl)propoxy]jcarbostyril hydro-
chlonide, m.p. 208° C.;
8-benzyloxy-3,4-dihydro-5-[2-hydroxy-3-(4-(isobutox-
ycarbonylamino)-1-piperidyl)propoxy]carbostyril
hydrochloride, m.p. 196° C.;
3,4-dihydro-5-[2-hydroxy-3-(4-((2-methoxyethoxy)car-
bonylamino)-1-piperidyl)propoxy]carbostyril hydro-
chloride, m.p. 230° C;
3,4-dihydro-5-[2-hydroxy-3-(4-(isobutoxycarbonyl-N-
1sobutylamino)-1-piperidyl)propoxylcarbostyril  hy-
drochloride, m.p. 128°-130° C.;
§-methoxy-3,4-dihydro-5-[2-hydroxy-3-(4-(isobutox-
ycarbonylamino)- 1-piperidyl)propoxyjcarbostyril
hydrochloride, m.p. 218° C,;

* 8-methoxy-3,4-dihydro-5-[2-hydroxy-3-(4-((cyclo-

propylmethoxy)carbonylamino)-1-piperidyl)propox-

y]carbostyril hydrochloride, m.p. 220° C.;
8-methyl-3,4-dihydro-5-[2-hydroxy-3-(4-(isobutoxycar-

bonylamino)-1-piperidyl)propoxy]carbostyril hydro-

chloride, m.p. 202° C.; and
8-methyl-3,4-dihydro-5-[2-hydroxy-3-(4-((cyclopropyl-
methoxy)carbonylamino)-1-piperidyl]carbostyril hy-

drochioride, m.p. 205° C.

(D) Similarly, proceeding as in part A above, but
optionally replacing ethyl 4-pipenidylcarbamate with a
compound of Formula 4 wherein R” and R® are as de-
fined above, and optionally replacing 5-(2,3-epoxy-
propoxy)-3,4-dihydrocarbostyril with a compound of
Formula 6 wherein R!, R2and R>- are as defined above,
the following compounds of Formula I are prepared:
3,4-dihydro-5-[2-hydroxy-3-(4-(isobutoxycar-

bonylamino)-1-piperidyl)propoxy]carbostyril

oxide;
3,4-dihydro-5-[2-hydroxy-3-(4-((cyclopropylmethoxy)-

carbonylamino)-1-piperidyl)propoxylcarbostyril N-

oxide;
6-methyl-3,4-dihydro-5-[2-hydroxy-3-(4-(isobutoxycar-

bonylamino)-1-piperidyl)propoxy]carbostyril;
6,8-dimethyl-3,4-dihydro-5-[2-hydroxy-3-(4-isobutox-
ycarbonylamino)-1-piperidyl)propoxy]carbostyril;
6,8-dibromo-3,4-dihydro-5-[2-hydroxy-3-(4-(isobutox-
ycarbonylamino)-1-piperidyl)propoxy]carbostyril;
8-chloro-3,4-dihydro-35-[2-hydroxy-3-(4-(isobutoxycar-
bonylamino)-1-piperidyl)propoxyjcarbostyril; and
8-fluoro-3,4-dihydro-5-[2-hydroxy-3-(4-isobutoxycar-
bonylamino)-1-piperidyl)propoxy]jcarbostyril.

N-
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 EXAMPLE 2
3,4-Dihydro-5-[w-(1-piperidyl)alkoxy]carbostyrils
Compounds of Formula I where R4 is H or lower alkyl

(A) 3,4-Dihydro-5-[3-(4-(isobutoxycarbonylamino)-
I-piperidyl)propoxy]carbostyril (A compound of for-
mula I where m=n=1, Rl—Rz—R3—R4——R5-H and
Ré=isobutyl

5-(3-chloropropoxy)-3,4-dihydrocarbostyril (2.5 g),
from Preparation 6, and 1sobutyl 4-pipenidylcarbamate
(2 g), from Preparation 4, were dissolved in tetrahydro-
furan (50 mL) containing triethylamine (1.5 mL). The
reaction medium was heated for 48 hours under reflux,
and the solvent was then removed by evaporation. The
residue was dissolved in chloroform (100 mL), and the
solution washed with water (2 X50 ml), dried over
sodium sulfate, and the solvent evaporated. Flash chro-
matography of the residue, using ethyl acetate/me-

5

10

15

thanol (95:5) as eluent, afforded 0.64 g (15% yield) of 20

the title compound, m.p. 195° C.

- The hydrochloride addition salt was formed by treat-
ing the free base (0.5 g) with ethanolic hydrochlonc
acid (6N, 5 mL), then diluting the solution to 100 mL by
addition of diethyl ether. 3,4-Dihydro-5-[3-(4-(2-
methylpropoxy)carbonylamino-1-piperidyl)propoxy]-
carbostyril hydrochloride (0.52 g), m.p. 220° C. (dec.),
was obtained by filtration.

(B) Proceeding as in part A above, but replacing
isobutyl 4-piperidylcarbamate with cyclopropylmethyl
4-piperidylcarbamate, and replacing 5-(3-chloropropox-
y)-3,4-dihydrocarbostyril with 5-(2-chloroethoxy)-3,4-
dihydro-8-methoxycarbostyril there was obtained 8-
methoxy-3,4-dihydro-5-[2-(4-((cyclopropylmethoxy)-
carbonylamino)- 1-plpendyl)ethoxy]carbostynl hydro-
chloride, m.p. 218°-220° C.

(C) Similarly, proceeding as in part A above, but
replacing  5-(3-chloropropoxy)-3,4-dihydrocarbostyril
with another compound of Formula 7 and replacing
1sobutyl 4-piperidyvlcarbamate with another compound
of Formula 4, the following compounds were prepared:
3,4-dihydro-5-[2-(4-(isobutoxycarbonylamino)-1-

piperidyl)ethoxy]carbostyril hydrochloride, m.p.
230° C;

3 4—d1hydro-5 f2- (4-((cyc10pr0py1methoxy)car—
bonylamino)-1-piperidyl)ethoxyjcarbostyril  hydro-

chloride, m.p. 169°-171° C.;
3,4-dihydro-5-[{3-(4-((cyclopropylmethoxy)car-
bonylamino)- 1-pzpendyl)pmpoxy]carbostynl hydro-
chloride, m.p. 223°-225° C;
3,4-dihydro-5-[2-methyl-2- (L((cyclopropylmethoxy)- |
carbonylamino)-1-piperidyl)ethoxylcarbostyril  hy-
drochloride, m.p. 225°-227° C.;
8-chloro-3,4-dihydro-5-{2-(4-((cyclopropylmethoxy)-
carbonylamino)-1-piperidyl)ethoxy]carbostyril  hy-
drochlonide, m.p. 215°-217° C,;
8-methyl-3,4-dihydro-5-[2-(4-((cyclopropylmethoxy)-
carbonylamino)-1-piperidyl)ethoxylcarbostyril  hy-
drochloride, m.p. 185°-187° C.; and
6-methyl-3,4-dihydro-5-[2-(4-((cyclopropymethoxy)-
carbonylamino)-1-piperidyl)ethoxy]carbostyril  hy-
drochloride, m.p. 168°-170° C,;
8-methoxy-6-methyl-3,4-dihydro-5-[2-(4-((cyclopropyl-
methoxy)carbonylamino)-1-piperidyl)ethoxy]carbos-
tyril hydrochloride, m.p. 137°-140° C,;
6,8-dimethyl-3,4-dihydro-5-[2-(4-((cyclopropylmethox-
y)carbonylamino)-1-piperidyl)ethoxy]carbostyril hy-
drochloride, m.p. 163°-165° C.; and |
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8-methoxy-3 4-d1hydro-5 [2-(4-((isobutoxycar-
bonylamino)-1-piperidylethoxy]carbostyril

chloride, m.p. 224°-226° C.

(D) Similarly, proceeding as in part A above, but
optionally replacing 35-(3-chloropropoxy)-3,4-dihy-
drocarbostyril with another compound of Formula 7,
and optionally replacing isobutyl 4-piperidylcarbamate
with another compound of Formula 4, the following
compounds are prepared:
3,4-dihydro-5-[4-(4-(isobutoxycarbonylamino)-1-

piperidyl)butoxy]carbostyril;
3,4-dihydro-5-5-(4-(isobutoxycarbonylamino)-1-

piperidyl)pentoxy]carbostynl; .
3,4-dihydro-5-[1-methyl-2-(4-isobutoxycarbonylamino)-

1-piperidyl)ethoxy]carbostyril;
3,4-dihydro-5-{3-(4-((cyclopropylmethoxy)car-

bonylamino)-1-piperidyl)propoxy]carbostyril;
8-chloro-3,4-dihydro-5-[5-(4-((cyclopropylmethoxy)-
carbonylamino)- 1-piperidyl)pentoxyjcarbostyril;
1-methyl-3,4-dihydro-5-{3-(4-(isobutoxycar-
bonylamino)-1-piperidyl)propoxy]carbostyril; and
8-phenylmethoxy-3,4-dihydro-5-[2-(4-((cyclopropylme-
thoxy)carbonylamino)- 1-piperidyl)ethoxy]carbos-
tyril. |

hydro-

EXAMPLE 3
Compounds of Formula I wherein R2 is Hydroxy

(A) 8-Phenylmethoxy-3,4-dihydro-5-[2-hydroxy-3-(4-
(isobutoxycarbonylamino)-1-piperidyl)propoxy]carbos-
tyril |

5-(2,3-epoxypropoxy)-8-phenylmethoxy-3,4-dihy-
drocarbostyril (130 mg) was dissolved 1n i1sopropanol
(10 mL) and isobutyl 4-piperidylcarbamate (80 mg) was
added. The mixture was then heated under reflux for 20
hours with stirring. After completion of the reaction,
the isopropanol was evaporated under reduced pres-
sure. The residue was then purified by flash chromatog-
raphy (AcOEt/MeOH-99:1) to yield 160 mg of the title
compound, 8-phenylmethoxy-3,4-dihydro-5-{2-
hydroxy-3-(4-(isobutoxycarbonylamino)-1-piperidyi)-
propoxy]carbostyril.

(B) 8-Hydroxy-3,4-dihydro-5-{2-hydroxy-3-(4-
(isobutoxycarbonylamino)-1-piperidyl)propoxy]jcarbos-
tyril

8-Phenylmethoxy-3,4-dihydro-5-[2-hydroxy-3-(4-
(isobutoxycarbonylamino)-1-piperidyl)propoxyjcarbos-
tyril, the compound from Step A above (160 mg), was
dissolved in ethanol (15 mL). Palladium (10% on car-
bon) was added, and the mixture was stirred under
hydrogen at room temperature for 48 hours. The cata-
lyst was removed by filtration, and the solvent evapo-

rated to give 100 mg of crude product which was re-

crystallized from aqueous ethanol, yielding the title
compound, 8-hydroxy-3,4-dihydro-5-[2-hydroxy-3-(4-
(isobutoxycarbonylamino)- l-plpendyl)propoxy]carbos-
tynil, m.p. 199°-200° C.

(C) Similarly, proceeding as in part A above, but
optionally replacing 5-(2,3-epoxypropoxy)-8-phenylme-
thoxy-3,4-dihydrocarbostyril with an appropriate com-
pound of Formula 6 wherein RZ is phenylmethoxy, and
optionally replacing 1sobutyl 4-piperidyicarbamate with
an appropriate compound of Formula 4, the following
compounds of Formula ]I are prepared:
8-phenylmethoxy-3,4-dihydro-5-[2-hydroxy-3-(4-((cy- .

clopropylmethoxy)carbonylamino)-1-piperidyl)-

propoxy]carbostyril;



a Carbamylamino)-1'-piperidy])ethoxy]carbostyril,
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I-methyl-8-phenylmethoxy-3,4-dihydro-5-[2-hydroxy-
3-(4-(ethoxycarbonylamino)-1-piperidyl)propoxy]-

carbostyril; and
8-phenylmethoxy-3,4-dihydro-5-[2-hydroxy-3-(4-

(isobutoxycarbonyl-N-methylamino)-1-piperidyl)-

propoxyjcarbostyril. |

(D) Similarly, proceeding as in part B above, but

optionally replacing 8-phenylmethoxy-3,4-dihydro-5-
[2-hydroxy-3-(4-(i1sobutoxycarbonylamino)-1- -
piperidyl)propoxylcarbostyril with a compound of For-

“mula I from part C above, wherein R2is OH, the fol-

lowing compounds of Formula I are prepared:

- 8-hydroxy-3,4-dihydro-5-[2-hydroxy-3-(4-((cyclo-
propylmethoxy)carbonylamino)-1-piperidyl)propox-
ylcarbostyril;

8-hydroxy-3,4-dihydro-5-[2-hydroxy-3-(4-(ethoxycar-
bonylamino)-1-piperidyl)propoxyjcarbostyril; and

8-hydroxy-3,4-dihydro-5-[2-hydroxy-3-(4-(isobutox-
ycarbonyl-N-methylamino)- 1-piperidyl)propoxy]car-
bostyril. |
(E) 8-Phenylmethoxy-3,4-dihydro-5-[2-(4-((cyclo-
propylmethoxy)carbonylamino)-1-piperidyl)ethoxyl-
carbostyril | -
5-(2-chloroethoxy)-8-phenyimethoxy-3,4-dihy-

- drocarbostyril (0.7 g), from Preparation 6, and cyclo-
propylmethyl 4-piperidylcarbamate (0.5 g) were dis-

solved in dimethylformamide (35 mL) containing potas-
- sium carbonate (0.3 g) and lithium bromide (0.3 g). The
reaction medium was heated for 34 hours at 110° C., and
the solvent was then removed by evaporation under

reduced pressure. The residue was dissolved 1n chloro-

- form (70 mL), and the solution was washed with water
(2 X40 mL), dried over sodium sulfate, and the solvent
was evaporated under reduced pressure. Flash chroma-
tography of the residue, using dichloromethane/me-
thanol (90:10) as eluent, afforded 1 g of the title com-
pound  8-phenylmethoxy-3,4-dihydro-5-[2-(4-((cyclo-
propylmethoxy)carbonylamino)-1-piperidyl)ethoxy]-
carbostyril as a yellow oil (ca. 95%).

(F) 8-Hydroxy-3,4-dihydro-5-[2-(4-({(cyclopropylme-
thoxy)carbamylamino)-1-piperidyl)ethoxylcarbostyril

The phenylmethoxy compound (1 g), from Step E
above, was dissolved in ethanol (350 mL). Palladium
‘hydroxide was added, and the mixture was stirred under
hydrogen at room temperature for 3 hours. The catalyst
was removed by filtration, and the solvent was evapo-
rated to give 0.7 g (87%) of crude product which was
purified via its hydrochloric acid addition salt, to give
8-hydroxy-3,4-dihydro-5-[2-(4-((cyclopropylmethoxy)-

 168°-170° C.

- (G) Similarly, proceeding as in part E above, but

optionally replacing 8&-phenylmethoxy-5-(2-chloroe-
thoxy)-3,4-dihydrocarbostyril with an appropriate com-
pound of Formula (7) wherein R?2 is phenylmethoxy,
and optionally replacing cyclopropylmethyl (4-
piperidyl)carbamate with an appropriate compound of
Formula (4), the following compounds of Formula I are
prepared:
8-phenylmethoxy-3,4-dihydro-5-[3-(4-(isobutoxycar-
bonylamino)-1-piperidyl)propoxy]-carbostyril;
8-phenylmethoxy-1-methyl-3,4-dihydro-5-[2-(4-(cyclo-
propylmethoxy)carbonylamino)-1-piperidyl)ethoxy]-
carbostyril; and
8-phenylmethoxy-3,4-dihydro-5-[3-(4-(isopropoxycar-
- bonyl-N-methylcarbonylamino)- 1-piperidyl)propox-
ylcarbostyril.

m.p.
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(H) Similarly, proceeding as in part F above, but
replacing  8-phenylmethoxy-3,4-dihydro-5-[2-(4-((cy-
clopropylmethylcarbonylamino)-1-piperidylethoxy]-
carbostyril with 8-phenylmethoxy-3,4-dihydro-5-[3-(4-
isobutoxycarbonylamino)-1-pipenidyl)propoxy]carbos-
tyril, the following compound of Formula I was pre-
pared:
8-hydroxy-3,4-dihydro-5-(3-(4-(1sobutoxycar-

bonylamino)-1-piperidyl)propoxy]carbostyril.

EXAMPLE 4

Compounds of Formula I wherein R#is acyloxy

(A) 3,4-Dihydro-5-[2-acetyloxy-3-(4-(1sobutoxycar-
bonylamino)-1-piperidyl)propoxylcarbostyril

3,4-Dihydro-5-[2-hydroxy-3-(4-(isobutoxycar-
bonylamino)-1-piperidyl)propoxyjcarbostyril (3 g) was
dissolved in pyridine (30 mL) and acetic anhydride (0.9
mL) was added dropwise with stirring. After the addi-
tion, the mixture was stirred at room temperature for 12
hours, and the pyridine was then evaporated under
reduced pressure. The residue was dissolved in chloro-
form (100 mL) and the organic solution was washed
twice with water (50 mL each) and dnied over sodium
sulfate. The solvent was then evaporated and the resi-

.due recrystallized from 1sopropy! ether to yield 1.5 g of

the title compound, 3,4-dihydro-5-[2-acetyloxy-3-(4-
(isobutoxycarbonylamino)-1-piperidyl)propoxy]carbos-
tyril, m.p. 120° C.

(B) 3,4-Dihydro-5-[2-pivaloyloxy-3-(4-(isobutoxycar-
bonylamino)-1-piperidyl)propoxylcarbostyril

A cold solution (0°-5° C.) of 3,4-dihydro-5-[2-
hydroxy-3-(4-(isobutoxycarbonylamino)-1-piperidyl)-
propoxyjcarbostyril (3 g) in pyridine (50 mL) was
slowly added to pivaloyl chlonide (2 mL). The reaction
medium was allowed to return to room temperature and
then stirred for 20 hours. The resulting dark brown
solution was treated as described in part A above, yield-
ing 3.8 g of the title compound, 3,4-dihydro-5-[2-
pivaloyloxy-3-(4-(1sobutoxycarbonylamino)-1-
piperidyl)propoxyjcarbostyril, m.p. 110° C.

(C) Similarly, proceeding as in part A above, but
optionally replacing 3,4-dihydro-5-[2-hydroxy-3-(4-
isobutoxycarbonylamino)-1-piperidyl)propoxyjcarbos-
tyril with an appropriate compound of Formula I
wherein R4is OH, and optionally replacing acetic anhy-
dride with the appropnate acid anhydride of formula
(R—C0),0 wherein R corresponds to the desired acyl
group, the following compounds of Formula I are pre-
pared:
3,4-dihydro-5-[2-butyryloxy-3-(4-(isobutoxycar-

bonylamino)-1-piperidyl)propoxylcarbostyril;
3,4-dihydro-5-[2-propionyloxy-3-(4-((cyclopropyime-

thoxy)carbonylamino)-1-piperidyl)propoxy]carbos-

tyril; and
3,4-dihydro-5-[2-acetyloxy-3-(4-(propoxycar-

bonylamino)-1-piperidyl)propoxyjcarbostyril.

(D) Similarly, proceeding as in part B above, but
optionally replacing 3,4-dihydro-5-[2-hydroxy-3-(4-
(isobutoxycarbonylamino)-1-piperidyl)propoxy]carbos-
tyril with an appropriate compound of Formula 1
wherein R4 is OH, and optionally replacing pivaloyl
chloride with an appropriate acyl chlonde of formula
R—COC] wherein R corresponds to the desired acyl

group, the following compounds of Formula I are pre-
pared:
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3,4-dihydro-5-[2-pivaloyloxy-3-(4-((cyclopropylme-

thoxy)carbonylamino)-1-piperidyl)propoxylcarbos-

tyril;

- 3,4-dithydro-5-{ [z-aaamamoyloxy -3-(4-(isobutoxycar-
bonylamino)- 1-piperidyl)propoxyjcarbostyril:

3,4-dihydro-5-[2-hexanoyloxy-3-(4-(ethoxycar-
bonylamlno) 1-plpendyl)pmpoxy]carbostynl

EXAMPLE 5

Compounds of Formula I as Pure Enantiomers
Prepared from Racemic Mixtures of Same

(A) L-pyroglutamic acid (38 g, 0.29 mol) in hot
(70°-75° C.) 1sopropanol (300 mL) was added to a solu-
tion of a racemic mixture of 3,4-dihydro-5-[2-hydroxy-
3-(4-(1sobutoxycarbonylamino)-1-piperidyl)propoxyl-
carbostyril (123 g, 0.29 mol) in hot isopropanol (1400
mL). The resulting mixture was stirred and heated at
70°-75° C. for 30 minutes, and then allowed to return to

room temperature. After 24 hours 63 g of crude L-pyro-

glutamate salt m.p. 166°-169° C. was recovered and
recrystallized twice from isopropanol to give 40 8 of the
L-pyroglutamate salt, m.p. 173.5°-174.5° C.

(B) The L-pyroglutamate salt (40 g) from part A
above was dissolved in water (200 mL); IN sodium
hydroxide was added. The crude (R)(+) free base pre-
cipitated and was recovered by filtration (34 g) and then
directly = converted into (R)(+)-3,4-dihydro-5-]2-
hydroxy-3-(4-(isobutoxycarbonylamino)-1-piperidy})-
propoxylcarbostyril hydrochloride, m.p. 232°-234° C.
[alp: +10.7°.

(C) The mother liquors remaining after crystalliza-
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tion of the (R)(+) enantiomer from part A above were -

concentrated under reduced pressure, the residue was
treated with 0.5N sodium hydroxide (500 mL) and the
aqueous phase was extracted twice with dichlorometh-
ane (250 mL each). Organic extracts were combined,
dried over sodium sulfate, and the solvent was then
evaporated under reduced pressure. The residue (66.6
g) was dissolved in hot (70° C.) propanol (750 mL).
D-pyroglutamic acid (21.5 g) in hot propanol (200 mL)
was added. The resulting mixture was heated at 70° C.
for 30 minutes then allowed to crystallize for 24 hours.
60 g of crude D-pyroglutamate salt was isolated by
filtration and crystallized from isopropanol to give 43 g
of D-pyroglutamate salt, m.p. 173°-175° C.

(D) Using the method described in part B above, but
starting from the D-pyroglutamate (43 g), isolated in
part C above, the (S —) compound was prepared and

35

40
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(S)(—)-3,4-dihydro-5-[2-hydroxy-3-(4-((2-hydroxy-2-

methylpropoxy)carbonylamino)-1-piperidyl)propox-
]carbostynl hydrochloride, m.p. 220° C.).

EXAMPLE 6

Preparation of Products of Formula I as Pure
Enantlomers from Optically Active Intermediates of
Formula 1

(A)  (2S)-(+)-(2,3-epoxy)-propoxy-3,4-dihydrocar-
bostyril

NaH (5 g, 0.124 mol) (50-60% in oil) was added to

DMF (100 mL). The mixture was stirred, cooled to 0°
and 5-hydroxy-dihydrocarbostyril (20 g, 0.123 mol) in
DMF (150 mL) was added dropwise. After the addi-
tion, the mixture was stirred at room temperature for 1
hour, and then (2S)-(+) glycidyl tosylate (26.5 g, 0.116
mol) in DMF (120 mL) was added. The mixture was
heated at 60° C. for 3 hours, then allowed to cool to
room temperature. The solution was poured onto a
mixture of ice water and extracted twice with CHCl,
(500 mL each). The organic layer was washed with
water and dried over sodium sulfate. Evaporation of the
solvent under reduced pressure gave a residue which
was chromatographed on silica gel using
CH;Cl/CH30H 9/1 as eluent to afford 10.1 g (40%) of
the title compound, (2S)-(+)-(2,3-epoxy)propoxy-3,4-
dihydrocarbostril, m.p. 182°); [a]p: +27.85 (c=1,
CH3;OH).

(B) Similarly, proceeding as in part A above, but
using

(2R)-(—) glycidyl tosylate the following compound

was prepared:

(2R)-(—)-5-(2,3-epoxy)propoxy-3,4-dihydrocarbostyril,

m.p. 182° C,; [a]p: —26.06° (c=1, CH30H).

(C) (@S)-(+)-5-(2,3-epoxy)-propoxy-3,4-dihydrocar-
bostyril (2.5 g, 0.0124 mol) of part A above, and isobutyl
4-piperidylcarbamate (2.8 g, 0.0114 mol) of Preparation
4 in isopropanol (75 mL) were heated under reflux for
24 hours. The reaction medium was allowed to return to
room temperature. The white solid which precipitated

~ was filtered, dissolved in ethanol and a solution of hy-

45

converted into the hydrochloride salt, yielding 28 g of 5o

(SX —)-3,4-dihydro-5-[2-hydroxy-3-(4-(isobutoxycar-
bonylamino)-I-piperidyl)pmpoxy]carbostyril -~ hydro-
chloride, m.p. 231°-233° C.; [a]p: —10.8° C.

(E) Similarly, but
hydroxy-3- (4—(1sobutoxycarbonylam1no) 1-piperidyl)-
propoxy]carbostyril with a compound of Formula I
wherein R4 is OH or lower alkyl, and following the
procedures described in parts A and B above, the fol-
lowing pure enantiomers of compounds of F ormula 1
were prepared:

(RX+)-3,4-dihydro-5-[2-hydroxy-3- (4-((cyclopropyl-
methoxy)carbonylamino)- l-plpendyl)propoxy]car-
bostyril hydrochlonde m.p. 250°-252° C.; [alp:
+11.07°%

(S)(—)-3, 4-d1hydro-5-[2-hydroxy-3-(4—((cyclc:-prc)pyl-
methoxy)carbonylamino)-1-piperidyl)propoxy]car-
bostyril - hydrochloride, m.p. 255°-257° C.; [a]p:
—10.93°% and |

replacmg 3,4-dihydro-5- [2-
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drochloric acid in ethanol was added. The resulting
precipitate was collected, washed with ether and dried
to give 3.2 g (60%) of (S)(—)3,4-dihydro-5-[2-hydroxy-
3-(4-(1sobutoxycarbonylamino)-1-piperidyl)propoxy]-
carbostyril hydrochloride, m.p. 232° C,, [a]lp: —10,
(c=1, CH3;OH). |

(D) Similarly, proceeding as in part C above, but
replacing (25)-(+)-5-(2,3-epoxy)propoxy-3,4-dihy-
drocarbostyril with (2R)-(—)-5-(2,3-epoxy)-propoxy-
3 4—d1hydrocarbostyr11 the following compound was
prepared: |
(R)-(+)-3,4-dithydro-5- [2-hydroxy 3-(4-(isobutoxycar-

bonylamino)- I-piperidyl)propoxyJcarbostyril hydro-

chloride m.p. 228° C,, [a]p: +10.55 (c=1, CH30H).
(E) Similarly, proceeding as in part C above but re-
placing isobutyl 4-piperidylcarbamate with cyclopro-
pylmethyl 4-piperidylcarbamate the followmg com-
pound was prepared:
(8)-(—)-3,4-dihydro-5-[2-hydroxy-3-(4-((cyclopropyl-
methoxy)carbonylamino)-1-piperidyl)propoxylcar-

bostyril hydrochloride, m.p. 255° C,, [a]lp: —10.93

(c=1, CH30H).

(F) Similarly, proceeding as in part D above, but
replacing isobutyl 4-piperidylcarbamate with cyclopro-
pylmethyl 4-piperidylcarbamate the following com-
pound was prepared:
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(R)-(+)-3,4-dihydro-5-[2-hydroxy-3-(4-((cyclopropyl-
methoxy)carbonylamino)-1-piperidyl)propoxy]car-
bostyril hydrochloride, m.p. 250° C., [a]p: +11.07
(c=1, CH30H). |

EXAMPLE 7
Conversion of Free Base to Salt

| (A) 3,4-Dihydro 5-[2-hydroxy-3-(4-(tert-butoxycar-
“bonylamino)-1-piperidyl)propoxy]icarbostyril (1 g, m.p.
138° C.) was dissolved in ethanol (10 mL) and acidified
with hydrochloric acid-saturated ethanol. The resulting
mixture was diluted with 2 volumes of diisopropylether
and kept at room temperature for 24 hours. A white
precipitate was collected by filtration and washed with
ether to give 1,1 g of 3,4-dihydro-5-[2-hydroxy-3-(4-
(tert-butoxycarbonylamino)-1-piperidyl)propoxy]car- -
bostyril hydrochloride, m.p. 195°-197° C. (dec.).
~ (B) Similarly, proceeding as in part A above, but
replacing - 3,4-dihydro-5-[2-hydroxy-3-(4-(tert-butox-
ycarbonylamino)-1-piperidyl)propoxy]carbostyril with
- an appropriate free base of a compound of Formula ],
the corresponding hydrochloride salts are prepared.
(C) 3,4-Dihydro-5-[2-hydroxy-3-(4-({cyclopropylme-
thoxy)carbonylamino)-1-piperidy)propoxylcarbostyril
(1.5 g, m.p. 185° C.) was dissolved in hot ethano! and
added to a solution of fumaric acid (1 g) in ethanol (10
mlL.). The reaction medium was kept at reflux for 5
minutes then left at room temperature overnight. 1.6 g
of the desired fumaric acid addition salt was recovered
by filtration then further purified by crystallization
from a mixture of isopropylether:ethanol (m.p.:
- 188°-190°CH.

(D) Similarly, proceeding as in part C above, but

optionally replacing 3,4-dihydro-5-[2-hydroxy-3-(4-
. {(cyclopropylmethoxy)carbonylamino)- 1-piperidyl)-

propoxylcarbostyril with a compound of Formula I and
-optionally replacing fumaric acid by another pharma-
ceutically acceptable organic acid (e.g., acetic acid,
propionic acid, glycolic acid, malonic acid, maleic acid,
oxalic acid, citric acid, ascorbic acid, lactic acid, ben-
zoic acid, glutamic acid, tartaric acid, cinnamic acid,
mandelic acid, methanesulfonic acid, paratoluenesul-
fonic acid, pamoic acid, salicylic acid, and the like) the
corresponding pharmaceutically acceptable organic

acild addition salts are obtained.

EXAMPLE 8

In vitro Determination of Effects on the Effective
Refractory Period

Right ventricular papillary muscles from guinea-pigs
were stimulated at 1 Hz and continuously superfused
~ with physiological salt solution. Ventricular Effective
Refractory Period (VERP) was determined after 20
minutes incubation with each concentration of drug,
compared with control values and expressed as % in-
crease iIn VERP. Concentrations of the drug which
increased VERP by 159 were calculated from concen-
tration-effect curves and mean values with standard
error (s.e.) range computed. |

The compounds of Formula I demonstrated activity
in this assay. For example, 3,4-dihydro-5-[2-hydroxy-3-
(4-((2-methylpropoxy)carbonylamino)-1-piperidyl)-
propoxy]carbostyril provoked at 15% prolongation of
the ventricular effective refractory period (VERP) at
- concentrations less than 10—3 mol/liter.
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EXAMPLE 9

In vivo Determination of Anti-arrhythmic Effects

The techniques followed to measure in vivo the ef-
fects of compounds of Formula I on cardiac electrical
activity are an exact replication of those described by

POIZOT (ref. cited above). They are adaptations to the

guinea-pig of methods previously developed by Lhoste
et al. (Eur. Journal of Pharmacology, 39, 171-177, 1976)
and by Harper et al. (Cardiovascular Research, 13,
303-310, 1979), in dog and man, respectively, and in
vitro by Ellis (Annal. N.Y. Acad. Sci, 64, 552-63,
1956). .

In anesthetized, artificially ventilated guinea-pig,
surface electrodes are installed for right ventricular
stimulation and Electro Cardiogram (ECG) recording
(lead II). Afterwards, the heart 1s paced to determine
the ventnicular effective refractory period calculated
from the maximum driving frequency. After a control
period of 15 minutes the antiarrhythmic agent to be
studied is injected intravenously at increasing doses and
at 30 minute intervals. The ECG parameters, QTc
(indicative of action potential duration) and RR (indica-
tive of cardiac frequency) intervals are measured at the
end of each 30 minute period and the maximum driving
frequency is determined.

Compounds of Formula I induced a prolongation of
the QTc and RR intervals of the ECG as well as a
decrease in the maximum driving frequency and are
therefore effective anti-arrhythmic agents.

EXAMPLE 10

The following example 1illustrates the preparation of
representative pharmaceutical formulations containing
an active compound of formula I, e.g., 3,4-dihydro-5-(2-
hydroxy-3-(4-(isobutoxycarbonylamino)-1-piperidyl)-
propoxy]carbostyril hydrochloride.

CAPSULE FORMULATION

The composition contains:

Te Wt./wt.
Active Ingredient 20.0%
Pregelatinised Starch 79.5%
Magnesium Stearate 0.5%

A weight of formulation sufficient to give a suitable
dose of active ingredients are mixed and dispensed into
capsules.

TABLET FORMULATION
The composition contains:
o wt./wt.
Active Ingredient 20.0%
Magnesium Stearate 0.5%
Crosscarmeilose Sodium 4.0%
I actose 74.5%
PVP (polyvinylpyrrolidone) 1.0%

The above ingredients with the exception of the mag-
nesium stearate and half of the crosscarmellose sodium
are combined and granulated using water as a granulat-
ing liquid. The formulation is then dried, mixed with the
magnesium stearate and the remaining crosscarmellose
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sodium and formed into tablets with an appropnate
tableting machine.

ORAL SOLUTION FORMULATION

The composition contains:

Active Ingredient 250-1500 mg
Citnic Acid Mont}h}?drate 105 mg
Sodium Hydroxide 18 mg
Flavouring - | q.s.
Water

to 100 ml

The citric acid monohydrate and sodium hydroxide are
dissolved in a sufficient quantity of water. The active
ingredient is dissolved in this solution. Sufficient fla-
vouring is added. A sufficient quantity of water is then
added with stirring to provide 100 ml of the solution
which is filtered and bottled.

SUPPOSITORY FORMULATION

‘The composition contains:

Te wi./wt.
Active Ingredient 1.0%
Polyethylene Glycol 1000 74.5%
24.5%

Polyethylene Glycol 4000

The ingredients are melted together and mixed on a
steam bath and poured into molds containing 2.5 g total
weight. |

PARENTERAL FORMULATION (1V)

Active Ingredient 2.5~15.0 mg

Dextrose Monohydrate g.s. to make isotonic

Citric Acid Monohydrate 1.05 mg

Sodium Hydroxide 0.18 mg
to 1.0 ml

Water for Injection

The citric acid monohydrate and sodium hydroxide
are dissolved in a sufficient quantity of the water for
injection. The active ingredient is dissolved in the re-
sulting solution followed by the dextrose monohydrate.
The remainder of the water for injection is added with
stirring. The solution is filtered, filled into 1.0 ml am-
poules which are sealed. The content of the ampoules is
then sterilized by autoclaving.

While the present invention has been described with

reference to the specific embodiments thereof, it should
be understood by those skilled in the art that various
changes may be made and equivalents may be substi-
tuted without departing from the true spirit and scope
of the invention. In addition, many modifications may
be made to adapt a particular situation, material, com-
position of matter, process, process step or steps, to the
objective, spirit and scope of the present invention. All
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such modifications are intended to be within the scope (.

of the claims appended hereto.
What 1s claimed. 1s:
1. A compound of the formula:

42
(CHZ)m (CH»>)
SOY N

O

R* [

R N OR®
‘5
o ¥ R
Rl R2
wherein:

mis 0, 1, or 2;
nis 0, 1, or 2:
R!is hydrogen or lower alkyl;
R2is hydrogen, halogen, hydroxy, lower alkyl, lower
alkoxy, aralkoxy, or acyloxy;
R3 is hydrogen, halogen, lower alkyl, or lower alk-
OXY;
R4 is hydrogen, hydroxy, lower alkyl, or acyloxy,
provided that when R4 is hydroxy or acyloxy, m
and n are both 1;
R’ is hydrogen or lower alkyl; and
R¢ is alkyl, hydroxyalkyl, alkoxyalkyl, or (dialk-.
ylamino)alkyl;
or a pharmaceutically acceptable acid addition salt or
N-oxide thereof.
2. A compound of claim 1 as a free base or as an acid
addition salt thereof. |
3. A compound of claim 2 wherein m 1s one.
4. A compound of claim 3 wherein R%is hydroxy and
n is One.
5. A compound of claim 4 wherein R3 and R?° are
hydrogen. |
6. A compound of claim 5 where R! is hydrogen.
7. A compound of claim 6 wherein R?is hydrogen.
8. A compound of claim 7 wherein R®is lower alkyl.
9. A compound of claim 8 wherein R is methyl.
10. A compound of claim 8 wherein R is ethyl.
11. A compound of claim 8 wherein R¢ is propyl.
12. A compound of claim 8 wherein R® is isopropyl..
13. A compound of claim 8 wherein R is butyl.
14. A compound of claim 8 wherein R is isobutyl.
15. The (S) enantiomer of the compound of claim 14.
16. The (R) enantiomer of the compound of claim 14.
17. A compound of claim 8 wherein R®is tert-butyl.
18. A compound of claim 8 wherein R is cyclopro-
pylmethyl.
19. A compound according to claim 18 having the
configuration (8S).
20. A compound according to claim 18 having the
configuration (R). |
21. A compound of claim 7 wherein R is isopentyl.
22. A compound of claim 7 wherein R®is tert-pentyl.
23. A compound of claim 7 wherein R¢is cyclopen-
tylmethyl. |
24. A compound of claim 7 wherein R¢ is 4-hydrox-
ybutyl.
'25. A compound of claim 7 wherein Rbis 2,2-dimeth-
yl-2-hydroxyethyl.
26. The compound according to claim 25 having the
configuration (S). |
27. A compound of claim 7 wherein R®is 2-methox-
yethyl.
28. A compound of claim 7 wherein R¢is diethylami-
noethyl.
29. A compound of claim 4 wherein R}, R2and R3are
hydrogen, R3 is methyl, and R is isobutyl.
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30. A compound of claim 4 wherem R!,R2and R3are

hydrogen, R- is isobutyl, and R¥® is isobutyl.

- 31. A compound of claim 6 wherein R? is hydroxy.

32. A compound of claim 31 wherein R is isobutyl.

33. A compound of claim 6 wherein R2 is methoxy.

34. A compound of claim 33 wherein R® is isobutyl.

35. A compound of claim 33 wherein Rbis cyclopro-

pylmethyl.

36. A compound of claim 6 wherein R? is methyl.

37. A compound of claim 36 wherein R6 is isobutyl.

- 38. A compound of claim 36 wherein R%is cyclopro-
pylmethyl.

S

10

39. A compound of claim § wherein R!is methyl, and

R2is hydrogen.

- 40. A compound of claim 39 wherein R6 is isobutyl.

41. A compound of claim 3 wherein R4is acyloxy and
n is one.

42. A compound_of claim 41 wherein R? and R? are
hydrogen. ' '

- 43. A compound of claim 42 wherein acyloxy is ace-
tyloxy.

44. A compound of claim 43 wherein R is isobutyl.
45. A compound of claim 42 wherein acyloxy is pival-
oyl |

46. A compound of claim 45 wherein R¢ is isobutyl.

47. A compound of claim 3 wherein R“'is'hydrogen.

48. A compound of claim 47 wherein n is zero.

49. A compound of claim 48 wherein R3is hydrogen. '
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50. A compound of claim 49 wherein R! and R3 are

both hydrogen.
5§1. A compound of claim 50 wherein R2 is lower
alkyl or lower alkoxy.
- 82. A compound of claim 51 wherein R® is lower
alkyl.
- 53. A compound of claim 52 wherein R®is cyclopro-
pylmethyl.
54. A compound of claim 53 wherein R2 is methoxy.
55. A compound of claim 53 wherein R? is methyl.
56. A compound of claim 3 wherein n 1s 0, and RO is
cyclopropylmethyl.
57. A compound of claim 56 wherein R1, R2 R3, R4
and R are hydrogen.

58. A compound of claim 56 wherein R1, R’ R%and

'RJ are hydrogen, and R? is chloro.

59. A compound of claim 56 wherein R}, R2, R3 and
R3 are hydrogen, and R4 is methyl.

60. A compound of claim 56 wherein Ri, R3, R4 and
RS are hydrogen, and R? is phenylmethoxy.
- 61. A compound of claim 56 wherein R1, R3, R4 and
RS are hydrogen, and R? is hydroxy.
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62. A compound of claim 56 wherein R1, R2, R4 and
R5 are hydrogen, and R3 is methyl.

63. A compound of claim 56 wherein R!, R4and R
are hydrogen, RZ is methoxy, and R? is methyl.

64. A compound of claim 56 wherein R!, R%and R>
are hydrogen, R2 is methyl, and R3 is methyl.

65. A compound of claim 3 wherein n is 0, and R is
isobutyl.

66. A compound of claim 65 wherein R1, R2, R3, R4
and R> are hydrogen.

67. A compound of claim 65 wherein R!, R3, R4 and
R> are hydrogen, and R?2 is methoxy.

68. A compound of claim 3 wherein n is 1, and R4is
hydrogen.

69. A compound of claim 68 wherein R, R3, and R5
are hydrogen.

70. A compound of claim 69 wherein RS is isobutyl.

71. A compound of claim 70 wherein R?is hydrogen.

72. A compound of claim 1 as the monohydrochlo-
ride salt.

73. A pharmaceutical formulation useful in treating a
mammal having a disease-state which is characterized
by cardiac arrhythmia, comprising a therapeutically
effective amount of a compound of claim 1 and a phar-
maceutically acceptable excipient.

74. A method for treating a mammal suffering from
cardiac arrhythmia, which comprises administering a
therapeutically effective amount of a compound of

claim 1.

75. The method of claim 74, which comprises treating
a mammai suffering from: supraventricular premature
beat, heart block, atrial fibrillation, atrial flutter, atrial
tachyarrhythmia of other etiology, atrioventricular
nodal or atrioventricular junctional arrhythmias, ven-
tricular premature beats, torsades de pointes, ventricu-
lar tachyarrhythmia, ventricular fibrillation, or to pre-
vent sudden death after myocardial infarcation or in
congestive heart failure.

76. The method of claim 74, which comprises treating
a mammal suffering from: supraventricular arrhythmia,

- ventricular tachycardia, or junctional re-entry arrhyth-
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mia.
77. The method of claim 78 wherein:
heart block 1s selected from the group: first degree
heart block, second degree heart block and com-
plete heart block; and
ventricular premature beats 1s selected from the
group: unifocal ventricular premature beats and

maultifocal ventricular premature beats.
* ¥ * L L
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